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CARE AND OPERATION OF THE STEAM 
LOCOMOTIVE 


INSPECTION OF LOCOMOTIVES 


1. Importance of Inspection—The degree of success 
attained by an engineer depends not only on his ability to oper- 
ate a locomotive in such a manner as to obtain the greatest 
amount of work from it with the least possible expense for 
fuels, lubricants, and running repairs, but also on the care he 
exercises in inspecting, and properly reporting the work 
required on the locomotive. Inspection and the making of an 
accurate and intelligent report is a very important duty in the 
successful operation of a locomotive. Engine failures, delays 
in service and probably accidents that involve the loss of life, 
or damage to property, may in a great measure be prevented 
by thorough inspection. Frequent and careful inspection of 
all of the parts of the locomotive is therefore essential to the 
engineer’s success, since by this means defects can be discov- 
ered as soon as they develop, and by properly reporting same 
and seeing that repairs are made, the cost of running and the 
back shop repairs will be kept down. The locomotive can 
then be kept in such shape that if operated properly, its regular 
tonnage will be hauled and satisfactory running time made 
with the least expense for fuel and lubrication. 


2. Some railroads employ locomotive inspectors, whose 
duty is to thoroughly inspect and test each locomotive when it 
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comes to the roundhouse, and report the defects discovered. 
However, this practice does not relieve the engineer from also 
inspecting and reporting defects discovered, either in the inspec- 
tion or the operation of the locomotive. The engineer should 
inspect his locomotive before he leaves the roundhouse or ter- 
minal, and whenever he has occasion to oil the locomotive on 
the road, he should make it a practice to inspect the important 
parts. In this way a fairly good inspection can be made at 
various times during the run. At the completion of the run, 
he should give the locomotive a thorough inspection, and report 
all defects discovered at this time or during the run. 


3. Inspection Before Attaching to Trains.—The engineer 
and the fireman should report for duty in ample time to inspect 
and oil the locomotive so as to be sure that it is in proper con- 
dition and fully equipped for making the run. They should 
examine the bulletin board; compare their watches with stand- 
ard clocks, provided there is one at that point; and examine 
the work report book and see whether the defects reported 
from the previous run have been repaired. 

On some roads the roundhouse staff is responsible for the 
filling of the lubricator, flange oilers, marker or other lamps, 
grease cups, and lubrication of the journal boxes; as well as 
putting on the locomotive, the supplies of oil, grease, waste, 
spare-air and steam-heat hose, flags, fusees, torpedoes, and 
whatever tool equipment or supplies that the rules and regula- 
tions of the road require to be carried on the locomotive. 
However, the engineer should see that this work is done. 
Where it is not done by the roundhouse force, the fireman 
usually does it under the direction of the engineer. 

The first thing the engineer should do when getting on the 
engine is to inspect as far as the brick arch will permit, the 
crown staybolts, staybolts, flues, arch tubes, syphons, and 
sheets ; leaky flues will be indicated by the appearance of water 
on the flue sheet below the arch. 

The engineer should personally inspect, or have the fireman 
examine the grates to see that they are level and not tipped, 
which would cause the fire to drop into the pan and burn the fin- 
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gers off. He should see that the fire is in proper condition, and {3 
that the firing tools are on the engine. The ash pan should also i 
be examined to see that it is clean, and the ash pan gear should be | 
operated to see that it is in working order; that the ash pan | 
doors or slides close properly, so that there are no openings 
that would permit live coals to escape and start fires. 


4. The injectors, lubricator, feedwater pump, compressor, i 
air brake, stoker, booster, power reverse gear, superheater 
damper rigging, cylinder cocks, headlight, grate shaker, and 
firedoor should be operated to see that they are working prop- | 
erly. The sand box should be examined to see that it is filled, | 
and the sander should be tested to see that it operates properly, 
and that the pipes lead the sand to the center of the rail and i 
not to one side. On most roads, the testing and inspecting of 
these parts is done by the roundhouse force, but this does not 
relieve the engineer of his responsibility. i 

During his inspection of the locomotive, he should note par- 
ticularly whether defects reported at the completion of the 
previous trip have been attended to; that visible parts that had 
been removed have been replaced properly, that all bolts, nuts, 
and cotters are secure; and that when repaired, all bearings 
such as crankpin brasses, guides and crossheads, are not so 
tight as to run hot. The height of the water in the boiler 
should be observed and the water gauge and the gauge cocks ; 
should be tested. The testing should be done thoroughly | 
because the safety of the crew and the lives and property of 
others depend on their proper operation. These devices should 
be blown out by the engineer or the fireman before the engine 
is taken from the roundhouse, and a careful inspection made 
for defects, such as leakage or restricted openings, or anything 
that would tend to show an incorrect water level. To blow 
out a water gauge properly, open the drain cock and close the 
bottom valve; the water should then disappear from the glass, 
and steam should blow freely from the drain cock. If the 
steam does not discharge freely when the top valve -is open, 
then the passage through the upper valve body is partly or 
wholly closed, or the upper end of the glass is obstructed. 
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Next close the top valve and open the bottom one; then water 
should blow freely from the drain cock. If not the passage 
in the lower valve body is partly or wholly closed. 


5. The gauge cocks are tested by opening them and see- 
ing whether the steam or the water flows from them in a good 
stream. Both the water gauge and the gauge cocks should 
be tested occasionally during the trip. The practice is to equip 
modern locomotives with water columns, which also should be 
tested to see that the try cocks and the water glass give the 
same reading. 

The main reservoirs should be drained of all condensation, 
also the drain cocks on the air compressor should be opened 
before starting it, to relieve condensation. The compressor 
should be started slowly until sufficient pressure has been built 
up in the main reservoir to cushion it, then the steam valve can 
be opened up. Before starting the compressor, the oil feed 
should be adjusted so as to feed extra oil to the steam cylinder 
on account of the condensation washing the lubricant off the 
walls, then after a few minutes the feed should be adjusted to 
the regular amount. The air pressure shown on the gauges 
should be checked to determine whether the compressor goy- 
ernor and feed valve are working properly. All condensation 
in the brake pipe and in the air hose between the engine and 
the tender should be blown out by opening the angle cock at 
the back of the tender. The brake should be tested by apply- 
ing it with each brake valve and the signal equipment tested 
by opening slowly the valve on the signal line at the rear of 
the tender, and noting whether the air discharges freely and 
that the whistle sounds promptly. The engineer should make 
sure that he has a full supply of fuel and water. 


6. The engineer must oil the parts of the engine not 
attended to by the roundhouse force. The oiling should not 
be done more than ten or fifteen minutes before leaving the 
terminal, because better results will be obtained than if the 
oiling is done earlier, especially in warm weather. In very 
cold weather, it may be necessary to oil the locomotive before 
leaving the roundhouse due to the parts becoming so coid that 
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the oil is chilled, and will not run into the bearings if the oiling 
is done after the engine leaves the roundhouse. 

On roads where it is the duty of the engine crew to take the 
engine out of the roundhouse, they should see before moving 
the engine that the smokejack is clear of the stack if it is of 
the lowering type, also that all tools and blocks have been 
removed, that the roundhouse doors are opened properly and 
that the turntable is in proper position. 

In severe weather, the steam-heat valve in the cab should 
be opened enough to permit a small discharge of steam through 
the steam-heat hose at the ‘rear of the tender. 


7. Inspection at End of Run—tThe engineer should bring 
his engine to the roundhouse with about three gauges of water 
in the boiler so that the injectors will not have to be operated 
when the fire is low. Water put into the boiler at such a time 
has a tendency to cause the tubes and flues to leak. The fire 
should not be so heavy that fuel will be wasted when dumping 
it, or so dead that the tubes and flues would be caused to leak. 
On engines equipped with mechanical stokers, the coal eleva- 
tors, conveyors or hoppers should be free from coal in order 
that the different parts may be conveniently tested and if neces- 
sary be repaired by the repair man. In cold weather the feed- 
water pump should be drained and heater put on the injectors 
to prevent the hose from freezing up. 

In inspecting the locomotive the engineer should start for- 
ward from the right cab steps and inspect the engine on that 
side, then the front, and along the other side of the engine and 
tender, the back of tender, and lastly inspecting the tender 
on the side from which he started, thus making a complete 
circuit of the locomotive. He should inspect the main and 
side rods for hot bearings; loose, broken or worn brasses; 
loose or worn knuckle pins; for loose bolts or flaws in the rods; 
crossheads slack in guides; loose or worn wrist pins; defec- 
tive crosshead keys; crank pin washers loose or missing; hot 
or worn driving boxes, engine and tender truck boxes; broken 
springs, or springs with leaves broken; springs shifted in 
spring buckle; spring rigging broken or out of place; breaks 
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in frame, tires, and wheel centers; tires shifted on center; 
sharp flanges; excessive side play in engine truck, trailing 
truck or driving wheel boxes; defects in brake gear, etc. He 
should also carefully check the parts of the valve gear for any 
defects and should see that all the oiling devices are in proper 
condition. 


8. On locomotives equipped with grease cellars in the 
driving boxes, the indicators should be examined to ascertain 
if there is sufficient grease in the cellars or if it needs replen- 
ishing. Among the defects which are more easily detected 
while the engine is working are: leaky valve or piston-rod 
packing; defective valve or piston rings; defective cylinder 
cock rigging; leaky cylinder cocks; safety valves which blow 
down the steam pressure too low before seating ; leaking throt- 
tle or steam pipes; engine not steaming properly due to air 
leaks in smokebox or draft arrangement in the smokebox not 
properly adjusted, all of which waste steam and cause extra 
fuel and lubricants to be used thus putting extra demands on 
the boiler. Other defects which may develop or be detected 
during the trip are valves out of square; defective brake gear; 
steam blows; pounds in boxes, rods, etc.; hot bearings ; defects 
in injectors; feedwater pump; reverse gear; headlight; stoker; 
air compressor ; booster, etc. 

The engineer should consult with the fireman regarding any 
defects which may have come to his notice such as faulty 
stoker, grate shaker, grates, ash pan, ash-pan rigging, brick 
arch, crown, flue, and side sheets in firebox, etc. 

The engineer should report and see that the tender hose 
strainers are cleaned frequently. A defect chart is shown in 
Fig. 1, the text gives in an abbreviated form the rules that 
relate to defects as contained in the instructions entitled Laws, 
Rules and Instructions for Inspection and Testing of Loco- 
motive and Tenders and Their Appurtenances, issued by the 
Interstate Commerce Commission, The figures in parenthesis 
refer to the number of each rule. 


9. Work Reports.—The ability to make a clear and con- 
cise work report is the duty of every engineer, and he should 
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not lose sight of his responsibility in this regard. Most roads 
make a practice of pooling their locomotives, which, if the loco- 
motives are properly maintained, results in getting more service 
out of the engines and a greater flexibility in handling the 
business to be done. However, whether the engines are 
assigned or pooled, the engineer's cooperation in making out 
proper reports of all defects is essential in maintaining the 
engines in a proper condition to do their work. There are 
many defects that can be detected to best advantage when the | 
engine is in service, as already mentioned, which should be { 
reported by the engineer bringing in the engine, or otherwise 

an engine failure may occur on the next trip. If a defect is | 
not serious enough to cause an engineer to give up his train 

it may cause detention and considerable more work for the 

engineer and fireman in getting over the road, all of which 

might have been avoided if a proper report had been made out q 
and the defective part repaired. i 

In making out the report, the defective parts should be 
stated in such terms that the roundhouse staff can quickly 
locate them and make the repairs without delay, otherwise 
considerable time will be lost trying to locate the trouble and 
if the time is short between trips or turn arounds it may be 
too late to do the work when the defect is found. For exam- 
ple, to report that a valve is blowing is indefinite, unless, nen- 
tion is made as to whether it be the right or left one. 

In reporting trouble or failure to wheels of an engine truck, 
driving wheel, trailing truck or tender truck, the wheels should 
be designated by giving, first the side of the engine on which 
it is situated and second, the number and name of the wheel. 
The engine truck wheel, driving wheel and tender truck wheet 
nearest to the pilot is designated as No. 1, and the others are 
numbered consecutively. Another method is to designate the 
wheels by number only, beginning with No. 1 at the pilot and i 
then numbering them consecutively to the rear of the tender. 
Thus for a Mikado or Pacific type locomotive wheel No. 6, i 
right side, would refer to the trailing truck wheel, and wheel 
No. 7, right side, would designate the first wheel of the front 
tender truck. 
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10. Theory of Lubrication—The theory of lubrication 
is a subject on which considerable could be written, but as far 
as enginemen are concerned, a general outline should be suffi- 
cient. 

The bearings of every machine, regardless of how much effort 
has been taken to have them as smooth and true as possible, 
will, if the surfaces are examined under a microscope, be found 
to have projections on the apparently smooth surfaces. The 
projections on the bearings interlock with those on the journal 
and cause friction when the parts move on each other, thus gen- 
erating heat and causing a loss of power in the machine. If 
allowed to run, the parts will continue to heat and enough heat 
may develop (depending on the load and speed) to cause the 
bearings to become overheated, cut or worn away. 

By lubricating the parts with some substance which will 
form a film between the two surfaces, the friction may be cut 
down, because the friction of the lubricant is less than the solid 
friction of the bearings. The lubricating film does not improve 
the condition of the bearing but one film adheres to the bear- 
ing, and one to the journal, the films sliding, one on the other. 
The metal parts are thus separated by a film of lubricant, and 
if maintained in that condition there can be no wear on the 
parts. In most cases, however, it will probably be found that 
the journal and its bearings are not completely separated and 
a certain amount of wearing and heating results. The lubri- 
cating film helps to dissipate the heat that is generated, and 
the nature and quality of lubricant used, as well as the fre- 
quency and method of applying the lubricant will determine 
the amount of friction in the bearings and the heat developed. 


11. Theory of Lubrication With Waste.—Waste that has 
been soaked in engine oil is used to lubricate the journals of 
engine-truck, trailing-truck, and tender-truck axles. The waste- 
has sufficient elasticity to hold up against the journal, and the 
capilliary attraction of the waste is depended upon to conduct 
the oil upwards to the journal. The required elasticity to hold 
the waste constantly against the journal is as important as the 
effective absorption of the oil. It then follows that any con- 
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dition that impairs the elasticity of the waste or its capilliary 
attraction also effects the proper lubrication of the journal, 
thus the constant shocks received when running tends to pack 
the waste and thus impair its elasticity; at times the waste will 
become packed so hard that no lubrication will be delivered to 
the bearing at all. Also the surface strands of the waste, due 
to continual contact with the rotating journal will glaze over 
and thus destroy the capillary action. 

Cotton waste is highly absorptive but it lacks the degree of 
elasticity required to keep it up against the bottom of the jour- 
nal. The various qualities of wool waste are generally con- 
sidered inferior to cotton from a standpoint of capillarity, but 
possess a higher degree of elasticity. In some cases a waste 
is used that contains equal parts of thread cotton and a good 
grade of long fiber to provide the necessary springiness, com- 
bined with a small part of other resilient fibers. 


12. Theory of Grease Lubrication—Grease is generally 
used to lubricate the journals of the driving wheels and their 
crankpins. The grease is kept in contact with the journals by 
means of a spring actuated plate, and grease plugs are used to 
force the grease on to the surfaces of the crankpins. 

The grease used in the driving boxes is called driving journal 
compound, and that used on the crankpins is called rod cup 
grease. Rod cup grease has a lower melting point than driv- 
ing journal compound; the former melts at about 230° F. and 
the latter at 275° F. Grease is less adhesive than oil and ordi- 
narily it will not adhere to the surface of the journal to such an 
extent as to come between the journal and the crown brass. 
To feed grease properly requires an action between the journal 
and the crown brass that will serve to force the grease upwards 
between them. This action is secured by relieving both edges 
of the brass about 2 inch above the horizontal center line of the 
journal on the main bearings and about 1 inch on all others. 
This results in a slight back and forth movement of the journal 
as the piston reverses; the grease is then compressed between 
the journal and the brass when the slack is taken up, and is 
then forced up around the journal through the grease grooves 
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that are cut in the brass. There is enough slack in the main- 
and side-rod brasses to permit the cup grease to be fed to the 
crank pins in the same manner. However, there is no back 
and forth thrust applied through the medium of rods to the 
engine-truck, the trailing-truck and the tender-truck journals, 
and this makes it impossible to use grease as a lubricant for 
these journals with the boxes as ordinarily constructed. 


COMPOSITION OF OILS 


13. In the early history of railroading before the discov- 
ery of mineral oils, locomotive valves and cylinders were lubri- 
cated with animal or vegetable oils. The flash point of these 
oils was low, but as the steam pressures were not then high, a 
fairly satisfactory service was obtained. The development of 
mineral lubricants made it possible to manufacture an oil with 
a much higher flash and burning point than were previously 
practicable. It also made higher boiler pressures possible, and 
eventually the superheating of steam. 

There is a general impression that valve oil is entirely a 
mineral oil, but this is not the case, as the best valve oil con- 
tains not less than 5 per cent. acidless animal oil. The lighter 
grades of lubricants such as car, coach and engine oils may be 
straight mineral oils or oils compounded with lead oleates as a 
base. In addition such oils as castor, rape, tallow, lard, neats- 
foot, whale, wool oil and fish oil are used in compounding the 
lighter grades of lubricants. The actual composition of the 
oil does not by any means tell the whole story, and generally 
speaking the analysis is a very poor guide for the selection of 
an oil for any particular lubricating purpose. The flash point, 
burning point, and the viscosity may tell something about the 
physical characteristics of the lubricant and these points may 
be covered by specifications, but the only reliable way to tell 
whether or not an oil is satisfactory is to test it under actuai 
operating conditions. 


14. By some it has been considered essential that the flash 
point of valve oil should be as high or higher than the tempera- 
ture of the steam in which it is used. In locomotive practice 
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this is not necessary provided that sufficient steam is kept in 
the cylinders to exclude the cold air and the smokebox gases. 
To manufacture a valve oil with a flash point of over 
650° F., the average temperature of superheated steam, so 
much of the lubricating properties would be removed and so 
much carbonaceous matter left as a residue, that the oil would 
not prove to be a satisfactory lubricant. The usual flash tests 
for valve oils range from 525° F. to 575° F. and the fire tests 
from 580° F. to 650° F. and the viscosity at 212° F, 150 sec- 
onds. At the same time, the lubricating qualities of a valve i 
oil, that conforms to these requirements, can only be deter- 
mined by a service test under actual operating conditions. 


15. Quantity of Oil—The quantity of oil required by the 
various parts of an engine will depend on the size and type 
of the engine, the work performed and the time occupied in 
doing that work, the conditions under which the engine is | 
worked, and the quality of oil used. All the bearings and 
wearing surfaces should be oiled with just sufficient oil to lubri- 
cate them thoroughly. Large locomotives require more oil 
than do locomotives of a smaller type, because they have more 
and larger journals and wearing surfaces; thus a heavy freight 
engine with small drivers that takes from 18 to 24 hours in 
getting over a division should be allowed more oil than a large- 
wheeled engine with a light train that, perhaps, would require 
only 7 or 8 hours to travel the same distance. The same rule 
may be applied to the use of valve oil. A large, heavy engine ‘ 
with a slow train may make only a low mileage to a pint of 
valve oil, while a light engine on a light train and running at 
good rate of speed, will have no trouble in doubling the dis- 
tance. Generally from 1 to 3 pints of valve oil is allowed for 
each 100 miles and from 14 pints to 4 pints of engine oil. 


16. Where Lubrication is Applied——The principal points 
where lubrication is applied to a locomotive is shown in Fig. 2; 
engine oil is used on the shoes and wedges, in the engine- 
truck, trailing-truck, and ‘tender-truck boxes, on the front end 
of the main rod, the knuckle pins in the side rods, the cross- 
510C—2 
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heads, the valve gear and the engine-truck, trailing-truck and 
driving-wheel hubs. The journals of the driving wheels and 
the main and side rod bearings are generally lubricated with 
grease except the front end of the main rod, but in cases where 
oil is used for these parts they should receive proper attention 
before starting on the run. 

The oiling of the engine, trailing, and tender truck boxes is 
generally attended to by the roundhouse staff and the packing 
should be examined and worked up frequently to keep it ia 
proper shape so that it does not become glazed or soggy and 
clear of the journal; the other parts of the locomotive should 
be oiled just before leaving the terminal as better results will 
be obtained if the oiling is done at that time. Any of the 
above parts that have oil cups should have the feeds adjusted 
as required to properly lubricate them, care being taken not to 
overflow the cups or waste the oil unnecessarily when filling. 
No rule can be given for the frequency of oiling due to the 
factors previously mentioned. If practicable it is good prac- 
tice to oil these parts every 75 or 100 miles, but the engineer 
has to do this work when the opportunity occurs and will be 
governed by the conditions met with on the run. 


17, Such parts as the stoker cylinder, air compressor, 
feedwater pump and booster engine, should have the lubrica- 
tor opened and feeds adjusted as soon as they are put in 
service and any other parts of these devices that require lubri- 
cation should be oiled before starting. 

When grease cups are applied to the rods they should be 
filled with grease at the roundhouse and the plug screwed 
down until a small amount of grease squeezes out between the 
beariag and the pin; when oiling the locomotive on the road 
the grease plug should be screwed down or more grease put 
in the cups as required. 

When oiling any parts that have packing in the oil cups or 
cavities, care should be taken not to disturb it with the spout 
of the can because the dirt which may have collected on the 
top of the packing is liable to get into the oil holes and be car- 
ried into the bearing and may cause heating. 
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18. In cold weather the engine should be oiled in the 
roundhouse while the parts are warm so that the oil will run 
into the different bearings. If the oiling is put off until the 
engine is on the train the different parts may be so cold that 
the oil will thicken and not run into the bearings and heating 
may result; also, it may be necessary to use a lighter oil on the 
valve gear during severe cold weather. When oiling an engine 
in the engine house due to cold weather this condition should 
be taken into account with regard to the amount of oil applied. 

In severe cold weather when the grease is hard, it is good 
practice to put a small quantity of oil in the grease cups by 
punching a hole through the center of the grease with a small 
rod until it touches the pin and then filling the cavity with oil. 
It takes some time for the grease to soften and pins may 
become very hot before the grease begins to lubricate them 
unless oil is applied as described. This is also good practice 
in snow storms, sleet or heavy rain, especially on the middle 
connections and the main rods. 

As it is general practice to work steam at all times on super- 
heated locomotives, the oiling of the piston and valve rods will 
require no attention from the engineer, for if the valves and 
cylinders are properly oiled the rods will be taken care of at 
the same time by the oil from the lubricator. 


REPACKING ENGINE TRUCK, TENDER TRUCK, AND 
TRAILING TRUCK BOXES 


19. Materials Used.—The materials used for packing 
boxes should consist of either cotton or woolen waste that has 
been thoroughly saturated with lubricating oil; long-fiber 
waste being more preferable than short-fiber waste, and 
wool waste, though more expensive, being greatly pref- 
erable to cotton waste. The waste should be carefully 
pulled apart, placed in a saturating vat and kept completely 
submerged in the lubricating oil at a temperature of not less 
than 70° F., for a period of at least 48 hours to insure thor- 
ough saturation. Waste soaked in this way will give much 
better service than waste that has been soaked for a short time 
only, for the reason that the former will be thoroughly sat- 
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urated with oil while the latter is not. At the end of the sat- 
uration period the excess oil should be drained off by placing 
the waste on a wire netting, leaving from 3 to 33 pints of oil 
to each pound of dry waste so that the waste is not swimming 
in oil but is in a resilient or elastic condition. As the oil con- 
tinues to drain it should be drawn off from the bottom of the 
vat and poured back over the top of the waste, or the waste 
turned over at least once each 24 hours. When carried on an 
engine ready for use the packing or dope, as it is called, should 
be kept in a covered bucket made for the purpose in order that 
cinders and grit will be kept out. Among other tools, all 
engines should be provided with a set of packing irons, which 
consists of a hook for pulling the packing out of the boxes and 
a tool to be used for pushing the packing into the boxes and 
around the journals. 

In order to allow the brass to be taken over the collar on the 
end of the journal without having to raise the box too high, 
an iron wedge, or key (sometimes called a slide), is placed 
between the top of the brass and the top portion of the oil box. 
This wedge fits behind a lug in the top of the oil box which 
prevents it from working out. To remove a wedge, raise the 
box to such a height that the wedge will slip out under the lug; 
this will give enough room to lift the brass over the collar. 
After replacing a brass, the wedge must be replaced and the 
box let down before packing. One or two spare tender brasses 
should always be carried in the tender tool boxes. 


20. Repacking the Boxes.—Before repacking a journal 
all the old packing should be removed and the oil cellar and the 
box thoroughly cleaned of all dirt, scale, grit, and sand. If 
there is any water in the box it should be removed. 

To properly repack a tender truck box a piece of mod- 
erately dry packing in twisted form as shown at a in Fig. 3, 
should be placed in the extreme back of the box to better 
exclude dirt and avoid waste ot vil and properly lubricate the 
fillet on the journal. This packing should be well up against 
the journal but it should not extend above the center line as 
this increases the chances of waste grabbing. After the roll 
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has been properly placed, the rest of the packing b should be 
applied by picking it up with the hands and spreading it evenly 
over the entire mouth of the box. Some of the packing 
should be allowed to overhang outside of the box, and more 
should be added before the final strands are packed in the box 
under the journal, the result being that all of the packing is 
bound together in one mass because it is fed in a continual 
strand under the journal. The packing should be firmly 
applied under the journal to avoid settling away and in so doing 
the packing iron should be kept to the bottom of the box until 
it is completely packed to within 4 inch of center line of the 
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journal. No more packing must be applied than will fill the 
box flush with the inside of the collar as shown. The packing 
should not be too tight, but should be tight enough to overcome 
any tendency to settle away from the journal and there should 
be no loose ends which might work under the journal bearing. 
In order that the lateral motion of the journal will not work 
the packing out, a plug, made of firmly twisted packing, as 
shown at c, Fig. 3, should be placed in the bottom of the box. 
This plug also acts as a support in keeping the packing under 
the journal. When the work is completed there should be no 
loose ends of packing hanging out of the box as they would 
tend to syphon out the oil. 

Trailing-truck boxes are packed in the same manner as the 
tender truck except that the roll a Fig. 3 is not applied. 


21. In sepacking engine-truck boxes the cellar should be 
taken down, and all the old packing dirt, grit, etc., cleaned out. | 
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Two rolls of new packing should be applied as shown at a 
Fig. 4, and the remainder of the packing should be laid in 
crosswise, the ends being turned under so that strands of the 
waste will assist in keeping the packing in position against the 
motion of the journal. Care should be taken to have no loose 
ends which might work under the journal, or hang out of the 
cellar. 

When additional lubricant is needed in the boxes it should 
be applied by the use of saturated dope. 


@ 
Fic. 4 


In loosening up packing to avoid the hardened and glazed 
condition that results from too long a contact with the journal, 
section b of the packing should be loosened up first by pulling 
it forward from the sides and working it back under the jour- 
nal at the center. If new packing is needed it should be 
worked back under the journal from the center, thus rais- 
ing section 6 on the sides, care being taken that it is not lifted 
above the center line of the journal on either side, 


OVERHEATED JOURNALS AND CRANKPINS 


22. Causes and MRemedies.—Overheated journals and 
crankpins are a source of much trouble to the engineer, and he 
should endeavor to detect any signs of heating as soon as it 
develops for if discovered in time and properly treated it may 
be possible to prevent further heating or even have the parts 
run cool. Otherwise they may become so hot that the question 
of getting over the road will be a serious one and detention or 
an engine failure may result. On local runs, where there are 
a large number of stops, any sign of heating is apt to be 
detected by the engineer and he can inspect this part at eack 
stop 1f necessary, and by this means prevent possible failure. 
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On fast trains, however, where long runs are made with but 
few stops, the chances of overheating are greater. In this case 
usually the first sign of some part warming up is when the 
enginemen smell the burning lubricant. When this is discov- 
ered, it should be attended to as soon as possible, and if con- 
sidered necessary the speed should be slackened and extra stops 
made to treat it. If it is found to be very hot it may be neces- 
sary to obtain another engine. 

Overheating is caused by any condition that prevents suffi- 
cient lubricant from reaching the bearing surfaces, or that 
prevents the lubricant from being distributed properly over 
these surfaces. Some of the causes of hot journals in engine 
and tender trucks, are insufficient or no lubrication; improper 
lubricant; badly fitted brasses which do not bear on the crown 
but pinch on the sides thus squeezing out and wiping off the 
oil film; dirt or grit getting on the bearing; the hub heating 
which drys out the packing next to the hub and causes the axle 
to heat at that point as well as farther in, thus drying out the 
rest of the packing and causing a hot box. 


23. On trailing, and tender truck axles which have a col- 
lar on the ends, heating may be caused by the brass binding 
hard against the collar on the outside, or the shoulder on the 
inside, or both, due to the brass being too long overall, or too 
long from the lugs on the top to one of the ends. To prevent 
further heating from this cause the brass should be removed 
and the end or ends machined to ensure sufficient clearance so 
that when it expands under running heat it will not bind. 

A bent axle will cause hot journals and should be removed 
and a new pair of wheels applied as soon as possible. 

Worn out brasses, that is, brasses in which the bearing metal 
has been worn off, will result in overheating especially if the 
journals are heavily loaded, and new brasses should be applied 
at the first opportunity. 

Improperly applied packing, too much, too little, or too poor 
a quality, as well as packing that has become glazed or soggy, 
will cause overheating. In cases of this kind the box should 
be repacked. 


| Bg en RE a ate ee ee 


18 LOCOMOTIVE MANAGEMENT 


Defects in springs and spring rigging produce extra weight 
on the journals and causes them to heat. Overheating will 
also result if an axle is out of tram or if a wheel is out of 
quarter. 

When the engineer discovers an engine, tender, or trailing 
truck journal heating he should, if possible, determine the 
cause, and if it is for want of lubrication he should supply 
more oil. If the fault is in the packing being glazed thereby 
acting as a wiper and keeping the journal free from oil, the 
glaze should be broken and properly saturated dope worked 
up against the journal. If the journal becomes so hot that 
the packing catches on fire, water should be used to put out 
the fire and cool the journal, then the old packing should be 
semoved and new packing applied. If, after repacking, the 
journal still continues to heat, valve oil may be tried on it or 
the box packed with grease. If the journal will not run with- 
out further heating and it is piped so that water can be run 
on it, sufficient water should be turned on to keep it from get- 
ting dangerously hot and if possible the run either completed, 
or to a point where repairs can be made, or another engine 
obtained. On fast and important trains it may be necessary 
to apply water to the journals as soon as the heating develops 
in order to make time and prevent delays. 


24. A defective tender-truck brass may be renewed by the 
engineer if it is practicable for him to do this work, and if 
one is available. Defects in engine and trailing truck boxes, 
broken. or defective springs and gear and bent axles cannot 
be repaired by the engineer, but he should endeavor to make 
the journals run as cool as possible and report them for repairs 
at the end of run. 

The driving boxes on the majority of locomotives are lubri- 
cated with grease which gives very satisfactory results. The 
grease in the cellars of the driving boxes is kept in contact 
with the axle by means of a spring or springs attached to a 
plate called the follower plate, upon which the grease rests. 
The springs press on the bottom of the cellar and a per- 
forated plate bent to suit the axles rests on top of the grease 


eeepc REE SS eee aa 


LOCOMOTIVE MANAGEMENT 19 


and comes between it and the axle. The perforations in the 
plate control the feed of the grease and prevent a too rapid 
consumption. 

Two small rods called indicators, that have eyes in the lower 
ends, are attached to the follower plate and project through 
holes in the bottom of the cellar ; they provide a means of hold- 
ing the follower-plate springs compressed when applying new 
grease, and also indicate the amount of grease in the cellar. 

Hot driving journals may be caused by the grease becoming 
depleted, by improperly fitted or defective perforated plates, 
follower plate or follower-plate springs; by the hub heating; 
or by defective or broken springs or spring rigging, thereby 
placing excessive weight on the journal. 


25. If proper inspection is made of the cellar, heating 
should not occur from insufficient grease because the amount 
of grease in the cellar is easily ascertained by means of the 
indicators, and if found to be getting low the box should be 
reported to be repacked. Improperly fitted perforated plates 
that have ridges or dents, which wipe the grease from the axle 
and leave a part of it dry, will cause heating which will extend 
the full length of the journal. Holes in perforated plates 
filled up with foreign matter, such as carbon formed by the 
journal heating and burning the grease, will prevent it from 
reaching the journal and will cause heating. The plates should 
be removed and properly cleaned, and if dented or not fitting | 
properly, they should be fitted to the axle. Hub heating will 
cause hot journals by melting away the grease next to the hub 
so that part of the axle gets no lubricant, thereby causing the 
axle to heat at that point as well as along the axle. 

Defective engine springs, or spring rigging, such as broken 
springs or spring band shifted, broken hangers, or equilizers 
will cause the driving journals to heat. This is due to the 
weight being taken off some of the journals, and overloading 
the others. 

When a driving journal heats with grease lubrication, addi- 
tional grease should be applied by removing the end plate on 
the cellar, then by compressing the foilower plate spring, the 
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grease can be inserted between the follower and the perforated 
plate. If the journal continues to heat, and becomes exces- 
sively hot, and the lubricant cannot be kept in the cellar but 
flows out as fast as it is put in, the journal may be relieved of 
some of its weight, provided that it is possible to run the wheel 
up on a wedge. Then by placing iron or hardwood blocks 
between the spring saddle and the frame, or between the equal- 
izers and the frame and by keeping the cellar well packed, it 
should be possible to complete the trip. 

On locomotives equipped with oil cellars, additional oil 
should be applied when heating starts to develop, then if the 
journal continues to heat, the cellar should be repacked. 

Grease is used almost entirely in the lubrication of the crank- 
pins. The grease is either inserted in a grease cup and com- 
pressed by a threaded plug so that it flows to the pin, or the 
grease is placed in the crankpins from the ends and is forced 
out through holes to the bearing surfaces when compressed by 
a plug threaded into the end of the pin. 


26. The heating of the crankpins may be due to several 
causes. The brasses may be improperly fitted; the brasses 
may be so wide that they bind sideways between the hub of 
the wheel and the crankpin, cap or washer; the rod may have 
a bend or a twist and'not line up properly, thereby causing the 
brass to bind on the hub, crankpin, or crankpin-washer. Dirt 
or foreign matter may get between the bearing surfaces; the 
lubricant may not get to the crankpin due to the brass shift- 
ing, so that the hole in the brass does not line up with the hole 
in the rod; the brass may become so loose in the rod that it 
will cause the grease to press out between the brass and the 
rod instead of flowing to the crankpin; or, the main rod brass 
may be keyed up too tight. 

When the crankpins heat, extra lubrication should be applied, 
and if they continue to heat they should be reported. Extra 
attention should be given to rod brasses on rainy days or in 
sleet storms due to the lubricant being washed off the pins. 

Hot bearings and pins in the valve gear may be caused by 
improperly fitted bushings, the parts of the gear may not be 
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lined up properly when assembled, and when sprung into place, 
they bind and heat. The oil holes may become stopped up due 
to the bushings shifting; foreign matter may get into the oil 
way; dirt or grit may work between the bearing surfaces, or 
sufficient oil may not be supplied. 

The cause of heating should be ascertained and if possible 
removed. In the case of foreign matter in the oilway, the 
passage should be cleaned out. Additional lubrication should 
be applied to the parts, and if they still continue to run hot, 
they should be reported, so that the cause of heating can be 
determined and repairs made. 


27. High compression in the cylinders will also cause the 
main crankpins to heat. For example, when drifting at high 
speed with the throttle cracked, and the reverse lever well 
hooked up, closure occurs earlier in the stroke than when the 
cutoff is longer. Therefore the compression is higher at short 
than at long cut-offs. The pressure against which the pistons 
are moving is communicated to the main crankpins and may 
be great enough to induce overheating. The remedy is to drift 
with the reverse lever farther down in the quadrant. 


CARBONIZATION IN CYLINDERS 


28. Cause of Carbonization.—Carbonization in the major- 
ity of cases is caused by the hot smokebox gases, that are drawn 
into the cylinders, due to the vacuum formed therein, when an 
engine is drifting. The cinders, soot, and coke that are 
entrained and drawn in with the gases, adhere to the oil on the 
different parts in the cylinders and form a sticky deposit which 
the heat of the cylinder and the gases bake hard on to the sur- 
faces. The admission of air into the cylinders will sometimes 
cause the oil to become ignited and form a carbon deposit. 


29. Effects of Carbonization—The carbon deposits build 
up in the packing ring grooves of the pistons and the valves, 
and cause the rings to stick and break, thereby producing blows. 
The hard carbon deposits also cause the packing rings. the 
valves, the pistons, and the valve and cylinder bushings to 
become worn through abrasion, which also causes blows, and 
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wastes fuel and water. The formation of carbon on the pis- 
tons and cylinder heads may cause pounds or broken heads. 
The carbon deposits also form on the edges of the ports and- 
accumulate in the exhaust passages as well. The carbon on 
the steam edges of the ports, requires the reverse lever to be 
worked lower than otherwise, and the restriction in the exhaust 
passages will make a higher back pressure on the pistons. The 
result is an increase in fuel consumption and a reduction in 
locomotive efficiency. 


30. Prevention of Carbonization.—The prevention of car- 
bonization in cylinders is a difficult problem. Various meth- 
ods are used to counteract this trouble, such as relief valves, 
by-pass valves, and drifting valves, with the idea of preventing 
the partial vacuum from being formed in cylinders. The use 
of relief valves and by-pass valves is being abandoned. The 
relief valve admits air to the steam chest, and hence to the 
cylinders during the period of admission, so as to prevent the 
formation of a partial vacuum. However, at short cut offs 
and high speeds, the relief valve will not open, due to the high 
compression that accumulates in the cylinder and that acts on 
the relief valve as soon as preadmission occurs. At longer 
cut-offs, the valve will open, but as air only passes to the 
cylinder during the period of admission, the air will reduce in 
pressure after cut-off occurs below the pressure of the atmos- 
phere. Then at the point of release, smoke and gases, will be 
drawn in through the exhaust nozzle and exhaust passages 
from the smokebox. 

By-pass valves are so constructed that the steam or the air 
in the cylinder passes back and forth through the valves from 
one end of the cylinder to the other, and it would therefore 
seem that a vacuum would be prevented. However. the ports 
and passages in the by-pass valves are generally too small to 
permit the air or the steam to pass through from one end of 
the cylinder to the other rapidly enough to do more than to 
reduce slightly the degree of vacuum. Also the air in passing 
through the small passages will become heated to such a degree 
as to affect the lubrication. 
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Drifting valves are usually so arranged that a jet of sat- 
urated steam is supplied automatically to the steam chest when 
the throttle is closed and the engine is drifting. 


31. Probably the use of a cracked or partly closed throt- 
tle, and a cut-off of 25 or 30 per cent. is the best preventive 
of carbonization. The engineer should endeavor to keep 
enough steam flowing to the cylinders to prevent a vacuum 
from forming. When coming to a stop he should only partly 
close the throttle and it should be left in that position until the 
train is about stopped, then the throttle should be closed. 

In the absence of a back pressure gauge it is harder for the 
engineer to determine the amount the throttle should be opened 
in order to prevent carbonization; generally the amount has to 
be greater with a short cut-off than is thought necessary. It 
has been found that if the steam pressure in the steam chest is 
less than about 75 pounds, the cylinder cocks are unseated by 
the pressure of the outside air, thereby indicating the presence 
of a partial vacuum in the cylinders. Therefore, the throttle 
opening should be such as to develop a steam pressure in excess 
of 75 pounds in the steam chest if carbonization is to be 
avoided. By using a longer cut-off, a pressure of 25 pounds 
in the steam chest will prevent a partial vacuum from form- 
ing in the cylinders. Some engineers judge that the throttle 
is opened sufficiently when the counterweight of the super- 
heater damper lifts, but this indication is misleading because a 
lesser pressure than 75 pounds will cause the weight to lift. 


32 The cvlinder cocks may be used when drifting with a 
cracked throtile io determine if enough steam is entering the 
cylinders to prevent a vacuum from being formed and thus 
guard against the entry of smokebox gases that would destroy 
lubrication and cause carbonization. This may be done either 
by opening the cocks and observing that steam blows from 
them throughout the full stroke, or by leaving them shut and 
watching closely to see if a jet of steam comes from them at 
some part of the stroke. If there is not enough steam enter- 
ing the cylinders to expand and follow the piston the length 
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of the stroke, a vacuum will be formed which will cause the 
cylinder-cock valves to unseat and allow air to enter the cylin- 
der. However, before the valves seat again a small jet of 
steam will issue from them, thereby indicating that the throttle 
is not opened enough to hold the valve closed. If the engineer 
watches closely he can adjust his throttle correctly for drifting 
without moving the cylinder cock lever. 


STARTING THE TRAIN 


33. Operation of Throttle and Reverse Lever.—When the 
train is ready and the conductor gives the signal to start, the 
engineer should answer the conductor’s signal with two short 
blasts of the whistle in freight service or by ringing the bell in 
passenger service unless the rules specify otherwise. After 
giving the required signal, the engineer should place the reverse 
lever in full gear, not carelessly, a few notches from full gear, 
but into complete full gear so as to give the valves their maxi- 
mum travel and thereby obtain the latest cut-off the valve gear 
is designed for. Where conditions permit, the cylinder cocks 
should also be opened to permit condensation to be worked 
out of the steam passages and the cylinders. The throttle 
should be opened gradually to prevent a violent jerk to the 
train, and also to prevent the drivers from slipping. The 
heavy exhausts, when the drivers slip, may tear and upset the 
fire and damage may also be caused to the running gear. 
With trains of ordinary weight, as soon as the driving wheels 
have made a few revolutions, and the train is started, the 
reverse lever should be pulled up several notches, and there- 
after one notch at a time until the required cut-off is obtained. 
When starting a heavy train, the lever should be drawn up 
notch after notch until the proper working cut-off is found. 
Heavy trains can be accelerated or brought up to speed less 
rapidly than lighter trains, and this explains why the lever 
is hooked up one notch at a time with heavy trains instead of 
several notches at once as with lighter trains. 

With the reverse lever operated as first described, it is 
remarkable how rapidly a locomotive will gain speed even with 
the lever hooked up quite high. More coal is wasted by work- 
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ing an engine too hard when accelerating than during any other 
period of locomotive operation. 


34, The reason that the reverse lever is drawn back grad- 
ually after starting, is that less power is required to keep a train 
moving, than to start and accelerate it. The frictional resis- 
tance is greater at starting, hence a maximum cut-off is neces- 
sary. However, the train cannot be accelerated with a late 
cut-off because the large volume of steam cannot be exhausted 
fully from the cylinders as the speed increases, and this results 
in a high back pressure. It is also impracticable to design a 
locomotive boiler large enough to permit the use of late cut- 
offs without a decrease in steam pressure, except at low speeds. 
Moreover, late cut-offs are undesirable since they do not permit 
of effective expansion. 

After starting the train some engineers open the throttle 
wide and leave the reverse lever in full gear with the impres- 
sion that this methotl of operation will result in rapid accelera- 
tion. This is not correct because not only is acceleration 
retarded but holes are torn in the fire; the fire is pulled off the 
back grates up against the flue sheet, and clinkers are caused 
to form. This destroys the fire and as a result the steam pres- 
sure is greatly reduced 


35. Taking the Slack—lIf the train is very heavy and 
hard to start as in freight service, the slack should first be taken ; i 
that is, the cars should be bunched together so as to compress | 
the springs and take up all the slack in the draft gears of the 
cars; then when the engine is started forward the cars are 
started one after the other. This method will enable an engine 
to start a train that could not be started otherwise. After 
bunching the slack, care must be taken not to open the throttle 
in such a way as to start the head end of the train too quickly, 
as this may break the train in two, damage draft gears and 
couplers, and cause delays. It is imperative that the slack of 
the entire train be taken up before starting forward, for if the 
slack is taken up in only a part of the train and the rear end 
is stretched, the train may be snapped in two as soon as the 
forward movement reaches the stretched portion. Slipping 
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the engine should be avoided, and if the train cannot be started 
otherwise, the rails may be sparingly sanded. Some engineers 
make a practice of bunching the train immediately after stop- 
ping; they are then ready to start when the signal is given. 
This practice is particularly good in cold weather when the 
train freezes up. By proceeding in this manner there is not 
so much danger of damaging the engine or breaking the train 
in two. As the train is slowly set in motion, the engineer 
and fireman should ascertain, by watching, whether any signal 
to stop is given from the rear end. The train should always 
be run slowly and carefully until all the switches, frogs and 
crossings of the yard are passed, and not until then and after 
the engineer has seen that everything is in order and the train 
is on the main track, should he increase the speed. 

In starting passenger trains, it is necessary to get the train 
up to speed quickly, especially in local service when fast time 
must be made and stops are close together. It must be remem- 
bered, however, that it is not good policy to work an engine at a 
long cut-off in getting up to full speed. The best plan is to make 
time when the train is up to speed, and also in making the 
stops. 


PROPER OPERATION OF THROTTLE AND REVERSE 
LEVER WHEN RUNNING 


36. It is well known that some engineers are able to han- 
dle trains on ruling grades or other difficult places and make 
time, while others with the same engine and loading will fail 
to do so even though they try hard. The most efficient engi- 
neer on any division is the one who uses the proper cut-off and 
the proper throttle opening, as it is their correct position that 
insures the ability to haul maximum tonnage over ruling grades 
and other critical points; makes higher speeds possible with- 
out waste of fuel; reduces the steam demands upon the boiler, 
under equal tonnage and speed conditions; and reduces by 
five to twenty-five per cent. the fuel used per unit of ton 
miles. 

The following extract from the proceedings of the Master 
Mechanics’ Association shows the importance of proper throt- 
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tle opening and cut-off: “Great accuracy in the selection of 
cut-off is more important at the highest speeds than at very 
low speed, since it is at the highest speed that the boiler is being 
taxed to produce the amount of steam necessary to provide 
sustained drawbar pull. A slight movement of the reverse 
lever either way in the short cut-offs, necessary with higher 
speeds, has a greater effect on the power of the engine than a 
similar movement from the full cut-off position at low speeds, 
Therefore, it is even more important that the precise cut-off be 
used at the higher speed than at lower speeds. For any given 
piston speed, there is an exact cut-off at which the highest 
power of the locomotive for that speed, will be developed. In 
other words, if any other cut-off than the correct one for the 
particular piston speed is used, whether it be higher or lower, 
less power will be delivered than the engine is capable of devel- 
oping, and in most cases, steam, and therefore fuel will be 
wasted. 

“When a longer cut-off than the correct one is used, the effect 
is greater back pressure, and steam is wasted because the net 
work performed by the engine is done by the difference between 
the pressure on the steam side and the pressure on the exhaust 
side of the piston, and any pressure on the exhaust side must 
be counterbalanced by increased steam pressure on the steam 
side which is a waste of steam. 

“When the cut-off is shorter than the correct one for the 
particular piston speed at which the engine is running, the 
effect is again a loss of power because of the high compression 
that follows the earlier closure.” 

Under average conditions, the reverse lever should be car- 
ried in a position to give about a 25 per cent. cut-off, but under 
less favorable conditions of train, weather, or grade, the cut- 
off will have to be increased. A full throttle opening is usually 
recommended because the steam then absorbs more heat in 
passing through the superheater units, but good results are 
often obtained with a three-quarter opening or even less and 
a slightly longer cut-off. 

With somewhat less than a full throttle opening, the lubri- 
cation is good and the friction of the valve is not excessive. 
si9C-3 
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The highest speed is rarely, perhaps never attained when the 
throttle is wide open. 


37. A back-pressure gauge is of great assistance to the 
engineer in selecting the throttle opening and cut-off that will 
give the best results These gauges may be either of the sin- 
gle or dupelx type; the former indicates the back pressure 
alone, the latter the back pressure and also the steam-chest pres- 
sure. In either case the back-pressure hand is usually piped to 
each of the four exhaust cavities in the steam chests. In 
freight service a maximum back pressure of about fourteen 
pounds and a minimum back pressure of about six pounds is 
usually specified and the throttle and reverse lever are operated 
accordingly. 

Back pressure or the pressure exerted by the steam on one 
side of the piston subtracts an equal amount from the pressure 
that the steam is exerting on the other side of the piston to 
move it. The actual or effective pressure that moves the pis- 
ton is then the difference between the two opposing pressures. 
Therefore, by keeping the back pressure within reasonable 
limits as indicated by a gauge increases the effective pressure 
and also the drawbar pull of the locomotive. 

A heavy grade should be approached at the highest speed that 
the running conditions or the rules of the road will permit, and 
when on the grade the momentum should be maintained as 
long as it is possible to do so. When the speed begins to 
reduce, the reverse lever should be dropped a notch at a time 
as required, but the throttle should be opened wide first. The 
tendency is to increase the cut-off too rapidly either by dropping 
the lever from notch to notch too quickly or several notches 
at a time and this should be guarded against. A sudden increase 
in the length of the cutoff when the locomotive is working hard 
on a grade often has the effect of a more or less sudden loss of 
speed, due to the considerable increase in back pressure and 
consequent decrease in drawbar pull. The result is a decided 
loss in momentum which is so valuable and often the deciding 
factor in getting heavy loads over steep grades. 
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FUEL ECONOMY 


38. As the engineer is in charge of the engine the fireman 
should be governed by his instructions and they should cooper- 
ate in order to work the engine efficiently. The best of engi- 
neers cannot make a good showing with a fireman who does 
not fire the engine efficiently, that is, place the fuel in the fire- 
box in such a manner as to evaporate into steam as much water 
as possible. The engineer also has his responsibilities with 
regard to fuel consumption and no fireman can make a good 
showing if the engineer does not cooperate with him in the 
proper handling of the reverse lever, throttle and injector. 

The fuel bill is one of the largest items of expense to all rail- 
roads and economy is required in its use. The greatest portion 
of the fuel used on a railroad passes through the hands of the 
fireman and by using skill and good judgment, together with 
the cooperation of the engineer in the proper handling of the 
engine, the fireman can use the coal economically, or through 
inattention or lack of skill, he can waste it. By conserving coal 
and not burning any more than necessary, the work of firing is 
lightened. 

The fireman should endeavor to carry as light a fire as pos- 
sible consistent with the work required, maintain a uniform 
steam pressure at all times, and avoid unnecessary black smoke, 
and waste of steam through the safety valves by allowing the 
engine to pop. 

The fireman cannot be expected to fire efficiently until he has 
thoroughly learned the road. 

When an engineer has a new fireman, one who does not know 
the run, or who is not proficient, he should tell him what meth- 
ods to use to get the best results. 


CAUSES FOR ENGINE NOT STEAMING 


39. There are a great number of causes for engines not 
steaming, and engine failures sometimes occur that may be 
wrongfully charged up against the engineer’s record. This 
is sometimes due to the fact that he often has absolutely no 
control over the condition of the parts that cause the trouble 
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on account of the practice of most roads pooling their engines. 
There may be defects in the boiler, flues, steam pipes, exhaust 
pipe, exhaust nozzle, etc., which it is impossible to detect until 
the engine is on the train. The fuel may also be of such poor 
quality that it is impossible to make steam. 

Engineers with assigned locomotives are in a better position 
to prevent steam failures and they should endeavor to operate 
their locomotives so that a proper fire is carried to prevent 
the tubes and flues from leaking. When they detect any 
defects or parts that show the first signs of failure they can 
report them and have repairs made. 

The exhaust steam in escaping through the stack tends to 
empty the smokebox of gases and produces a partial vacuum 
there, thus causing air to be drawn through the grates and in 
this way maintaining the draft through the fire. Anything 
that obstructs or cuts down the draft reduces the steaming 
capacity of the engine. Fot example, obstructed flues cut 
down tthe heating surface as well as the draft, and as a rule 
not only causes leaky flues and tubes, but increases the speed 
of the gases through the unobstructed tubes, and causes less 
heat to be absorbed by the water. 


40. Air or steam leaks into the smokebox affect the 
steaming qualities of the locomotive by tending to reduce the 
vacuum, thus cutting down the draft on the fire. The air may 
be drawn in through leaks in the joints on the smokebox ring, 
the smokebox door, or around the steam pipe casing flanges, 
and between the cylinder saddle and the smokebox. Air leaks 
in the smokebox also cause the cinders in it to burn, often 
warping the smokebox front and door. Leaks into the smoke- 
box may be detected by holding the flame of a torch near the 
point to be tested while the blower is on. The flame will then 
be drawn toward and into any leaky joint. _ 

Steam leaks in the smokebox are caused by a defective joint 
or joints in the steam pipes, exhaust pipe, exhaust pipe noz- 
zle, or the superheater header, or superheater units may crack 
or split or their joints may leak. Defective tubes or flues also 
cause steam blows in the front end. 
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A leak at the base of the exhaust pipe, due either to a defec- 
tive joint or to the pipe being loose will also affect the steaming 
of the engine. 

The exhaust pipe and nozzle, the smokestack or the smoke- 
stack extension set in such a manner that the exhaust jet is 
deflected from the center of the stack and impinges on one side 
will reduce the vacuum that should be developed in the smoke- 
box, thus impairing the steaming qualities of the engine. 

The diaphragm apron or damper if not properly set will cause 
a poor steaming engine by affecting the intensity of the draft | 
through the fire. The damper governs the space through which / 
the products of combustion have to pass to reach the smokebox, 
hence a higher adjustment of the damper lowers the pressure 
over the fire and increases the total draft, and a lower adjust- 
ment increases the pressure above the fire and lessens the draft. 
The damper is not a draft equalizing device. 


41. The severe working of an engine with a light fire 
causes partially burned coal to be carried through the tubes and 
flues while in a sticky condition and by adhering to the netting, 

_ plugs up the meshes. Lhe netting, when clogged, cuts down 
the draft and the steaming qualities of the locomotive. Other 
causes are irregular boiler feeding; insufficient ashpan open- 
ing; clogged grates, or clinkers in the fire which prevent suffi- 
cient air reaching the fire; too heavy firing, or too heavy in 
spots, causing clinkers to form; too light a fire, or the fire not 
level, being heavy in spots and lights in others. Working the 
locomotive too heavy for the fire, causes holes to be torn in it, 
and allows cold air to rush through, thereby lowering the tem- 
perature of the firebox and tubes. This makes a poor steam- 
ing engine and causes tubes and flues to leak which further 
cuts down the steaming qualities of the locomotive. 

Honeycomb over the flue sheet or clogged flues prevent the 
passage of the hot gases through the flues and around the 
superheater units and results in a poor steaming engine and a 

reduction in the superheat. 

An improper size of exhaust pipe nozzle, that is, one so large 
that there is not sufficient draft, or so small that holes are torn in 
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the fire, or an uneven exhaust due to derangements in the valve 
gear will greatly impair the steaming qualities of an engine. 

Sometimes during roundhouse repairs, tubes of an improper 
size are applied to an injector, thereby preventing steaming by 
flooding the boiler. 

MAKING STOPS 

42. When approaching stations where stops are to be 
made, the engineer should take into consideration the nature 
of the grades and other conditions when calculating on the 
stops, and the steam should be throttled down far enough from 
the station to permit the train to be brought to a standstill at 
the proper place by means of an ordinary application of the 
brakes. The practice of approaching stations at a high rate 
of speed and stopping at the right place by applying the brakes 
to their full capacity is a risky one. On some fast trains it 
may be necessary to run at high speed as close as possible to 
the station in order to make the time, but ordinarily this is not 
advisable as the engineer should have a certain margin to 
ensure safety should unforeseen conditions develop. 

The whistle should be blown at the prescribed distance from 
the station, usually at the whistle-signal board, and when 
approaching grade crossings. 

If the approach to the station is made through a town, the 
bell should be rung continuously to warn persons that may 
have occasion to cross the tracks that a train is approaching. 


43. On runs where the time is fast and the stops are close 
together, advantage must be taken of every second in order to 
make the time; hence, an engineer should reduce as much as 
possible the time consumed in stopping and starting the train. 
In order to make time with a passenger train, the engineer 
should carefully study the conditions that govern the smooth 
handling of a train, and he should be able to judge the dis- 
tance in which he can stop his train from different speeds and 
with any number of cars he is liable to have in ordinary pas- 
senger trains. As a rule an engineer has a landmark for eas- 
ing off the throttle and this mark should be as close to the 
stopping point as he can make it, and still leave space enough 
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to stop the train smoothly. As it is much easier to make time 
when the train is up to speed than when accelerating, the speed 
should be kept up as long as possible. After starting the train 
the speed should be increased as rapidly as possible, but in 
doing so it is well to remember that time cannot be made by 
working the engine at a long cut-off. The reverse lever should 
always be drawn back soon after starting, say, after a few 
revolutions, and it should be continued to be drawn back as 
the speed increases. Conditions such as grades, the number 
of cars in the train, etc., govern the rapidity with which the 
reverse lever should be cut back. 

Also, it is well to have a high steam pressure for starting, 
and an engine should have every advantage possible in start- 
ing a heavy train in order to keep up the steam pressure, 


HANDLING ENGINES IN COLD WEATHER 


44. When handling an engine in cold weather certain 
precautions must be observed that are not necessary at other 
times. For instance, trouble may occur through injector pipes 
freezing. One injector is generally all that is used to feed the 
boiler with water, and in cold weather the pipes of the other 
injector will freeze very quickly if some means is not adopted 
to prevent them from doing so. It is necessary, therefore, to 
keep the steam circulating through the pipes during the time 
the injector is not working. This may be done by closing the 
overflow valve and opening the steam valve sufficiently to per- 
mit a small quantity of steam to blow back through the injec- 
tor, feed pipe, and hose into the tank. Some engines are 
equipped with a cock located in the lowest part of the discharge 
pipe and called a frost cock. ‘When opened this cock allows 
steam to flow through the discharge pipe and out to the atmos- 
phere thus keeping the pipe from freezing up. As the leak 
of steam from this cock condenses and freezes, ice is formed 
on the parts immediately below it, very often on parts of the 
valve gear. In some cases a pipe is connected to the frost 
cock and led to a point near the ground to prevent the ice from 
forming on parts of the running gear, but the pipe is generally 
fairly long and of such a small diameter that the condensation 
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freezes in it and blocks the passage of the steam, often result- 
ing in a frozen discharge pipe. On account of the ice forming 
on the locomotive and the frost-cock drain freezing up if it is 
used, a great number of engineers prefer not to use the frost 
cock but to operate the injector at frequent intervals, depend- 
ing on the severity of the weather, in this way keeping the 
discharge pipe from freezing. 


45. Care should be taken that too much steam is not 
forced into the tank because there is danger of getting the 
water too hot. In extremely cold weather, the suction pipes 
sometimes partly freeze, and thus deliver an insufficient supply 
of water to the boiler. In this case close the overflow valve 
and blow steam back through the supply pipe to thaw out the 
ice. The best way to use the lifting injector as a heater is to 
close the steam supply valve at the boiler almost entirely, pull 
the operating handle wide open, and close the overflow valve. 
When the engine is standing for any length of time, the cylin- 
der cocks should be left open so as to drain the cylinders of 
condensation and prevent freezing. 

If an engine equipped with steam heat is connected to a train 
without steam-heating apparatus, or is disconnected from a train 
entirely, a little steam should be constantly blown through the 
heating system to keep it from freezing. 

The air-pump steam supply must never be shut off entirely for 
any great length of time, and the reservoirs, drain cups, and 
other parts of the air-brake apparatus in which water is liable 
to accumulate should be regularly drained. Also, where an 
electric headlight is used, a small quantity of steam must be 
allowed to pass through the turbine at all times during cold 
weather. 

The drain cocks inthe passages in the cylinder casting should 
also be opened after the engine has completed a trip in cold 
weather. 

Sometimes in cold weather the valve gear is hard to move 
on account of the links and link blocks being covered with ice. 
Under such conditions the throttle may be opened with the 
reverse lever slightly out of mid gear either forward or back 
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and the engine may move in the opposite direction from that 
indicated by the lever. The reason for this action is as fol- 
lows: If the reverse lever is just forward of the center, pre- 
admission will occur at the front port on the right side when 
the piston is about two inches from the end of the stroke. 
The left crank is near the top quarter and the back port is 
closed. If the throttle valve is opened, steam will be admitted 
to the front of the right piston and as steam cannot get into 
the back end of the left cylinder the engine will move back 
until the back port opens on the left side. The engine will 
then move forwards and will sometimes stop again on account 
of the early preadmission and then move back. This is dan- 
gerous especially around cinder pits or roundhouses where 
men are getting under the engine, hence the reverse lever 
should always be placed far enough ahead or back to insure 
positive direction of motion. 


TAKING COAL AND WATER 


46. The taking of coal and water is a matter that requires 
good judgment; it must not be taken more frequently than is 
necessary as extra coal and water will be used in again bring- 
ing the train up to speed, especially if the stop is on or near the 
foot of a grade. On the other hand it would not do to run 
short of coal or water before reaching the next coal chute or 
water tank. If possible water should be taken when making 
regular stops; on some runs it may be possible to take water 
at one of the regular stops even though the tank has consider~ 
able water in it at that time, but by taking water then, it will 
be possible to complete the run without making an extra stop, 
thus saving time by eliminating an extra stop later. 

Where there are good and bad water tanks on a division an 
effort should be made to take all the water possible from the 
tanks that contain good water and as little as possible from 
those that contain bad water. 

When taking coal at the coaling plants, the coal pile should 
be trimmed to prevent coal from falling off the tender while 
on the road, thus saving coal and preventing any possibility of 
danger to trackman or passing trains, 
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THE USE OF CYLINDER COCKS 


47. Cylinder cocks are used to drain the cylinders of any 
water that may have condensed in them or has been carried 
through from the steam chest or steam pipes. Water in the 
cylinders is liable to cause broken cylinders and cylinder heads. 
It also destroys lubrication and causes damage to pistons, 
valves, piston and valve packing rings, and piston rod, and 
valve stem packing. 

The cylinder cocks should be opened at the engine house or 
terminal and left open for a short time after the throttle is 
opened to work out all condensation. If possible they should 
be opened when starting after stops of any length have been 
made. 

When a locomotive foams and primes badly it may be neces- 
sary to open the cylinder cocks to prevent the water that is 
carried into the cylinders with the steam from damaging the 
cylinder heads, cylinders, or packing rings. 

When leaving an engine standing that has a leaky throttle . 
or dry pipe the cylinder cocks should bé left open, and the 
reverse lever should be in the center to prevent any possibility 
of the engine starting through pressure building up in the 
cylinders. 

THE PROPER USE OF SAND 

48. Considering the size of the modern locomotive and 
the trains handled, a dependable flow of sand is essential to 
safety and satisfactory performance, as it is general practice 
to haul all tonnage possible consistent with speed and safety. 

The engineer has to use good judgment in the use of the 
sand in order to get his train over the road without delays or 
damage to equipment. Before leaving the roundhouse he 
should see that the sand box is full of sharp, clean sand and 
that the sanding device whether operated by air or lever, is in 
proper working order, that the sand pipes lead fair and close 
over the rail and as close to the wheel as possible. 

In the most of cases a locomotive will start and accelerate 
the train without sand, and no fixed rule can be given for its 
use, as the condition of the rails; weight of the train; location 
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of train when starting; on a grade, curve, or curves; near OT 
on a grade crossing; or passing over frogs or switches, must be 
taken into consideration by the engineer, and he has to govern 
himself accordingly and use his judgment. 

If sand is used it should be used as sparingly as possible, 
only enough being used to give the drivers grip. As soon as 
the train is in motion and the locomotive will pull it without 
slipping, the use of the sand should be discontinued. 

Sand increases the grip of the drivers on the rail, but it also 
increases the rolling friction, and makes the train pull harder 
than on a bare rail. When more sand is used than is neces- 
sary, there will be a greater retarding effect and heavy trains 
are often stalled on grades due to the use of too much sand. 

When a locomotive with a heavy train is climbing a grade 
it is very important that slipping be prevented, especially when 
the engine is working hard at a slow speed. To slip at such 
time may stall the train because the speed will drop so quickly 
that by the time the drivers catch the rail again, the locomo- 
tive may not have sufficient power to keep the train moving. 

Slipping at such times is also very hard on the draft gear, and / 
the running gear of the engine. 


49, In the event of an engine slipping, sand should never | 
be dropped on the rail until the throttle has been closed enough | 
to stop the slipping as otherwise serious damage may result, 
such as the breaking of crank pins, rods, etc. The throttle 
should be closed, the sander operated, then the throttle should | 
be opened again. Particular attention should be taken to see 
that the sand is operating on both sides of the engine and not 
on one side only and that both of the pipes lead the sand fairly 
on to the rail so that it flows on both rails at the same time. 
When used on one side only, the axles are subjected to a twist- 
ing strain that may result in bent or broken axles, main or side 


rods, or crank pins. 

On foggy days, during a light shower, or with mist or frost 
on the rail or when the rail is slippery from some other cause, 
it is good practice to drop a little sand on the rail frequently 
enough to keep the tires dry and thus prevent slipping. 
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The use of sand also prevents the flattening of tires by assist- 
ing adhesion in stopping trains when conditions are such that 
they would otherwise slide by the points where it was desired 
to stop. Sand may also be applied to assist in making emer- 
gency stops. 

Thick sanding besides retarding the train is apt to cause hot 
bearings by the sand working into them, and also causes wear 
in guides and crossheads. The most important thing to remem- 
ber in connection with this subject, however, is to use good 
judgment in the amount of sand used and the condition under 
which it is used, so that the train will not be retarded any more 
than is absolutely necessary. 


USE OF BLOWER 


50. The blower consists of a steam pipe connected at one 
end to the steam turret and the other end so arranged in the 
smokebox that when the blower valve is opened a jet or jets 
of steam are directed up the stack thereby creating a partial 
vacuum in the smokebox that results in air being drawn through 
the fire. It is used when building up the fire at the 
roundhouse or while standing on the road, and while standing 
at stations, to prevent black smoke. When an engine on a 
passenger train is stopping at a station, it is good practice to 
put on the blower just before the throttle is cracked in order 
to prevent a great volume of black smoke appearing. It is 
also beneficial to open the fire door. 

The blower is also used when cleaning or drawing the fire 
to keep the cab clear of smoke, flame, dust and ashes. The 
blower should be used as lightly as possible at all times, espe- 
cially when cleaning or drawing fires and when the fire is thin, 
as the excessive amount of cold air drawn into firebox will 
cause leaks in the tubes, flues and firebox. 

The blower is also used when drifting or running with a 
light throttle on passenger trains to lift the smoke. 
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PROCEDURE IN EVENT OF LOW WATER 


51, When through oversight in the operation of the injectors 
or feedwater pump, or through their failure from any cause to 
deliver sufficient water to the boiler, the water becomes so low 
that the level cannot be readily observed, an overheated crown- 
sheet with certainty of a boiler explosion will result if prompt 
preventive measures are not taken. 

If it has been found that the water level has been permitted 
to recede below the lowest reading of the water glass when 
viewed in a normal manner, the fire should be dumped or 
extinguished at once. Such a lack of indication of any of the 
water level indicating devices should be considered as controlling 
irrespective of whether the discharge of water from the bottom 
gage cock is assumed as indicating the presence of sufficient 
water to prevent overheating. 

Such a discharge might be misleading because where an 
unknown and narrow margin of water is present, opening the 
gage cock will tend to lift the water to it and when discharging 
it may not be noticed that it is not solitl, After the fire is 
dumped or extinguished, if the weather is cold, the tender hose 
should be disconnected and the tank drained. The air reservoir, 
air compressor, feedwater pump and all piping should be drained 
of all water; the boiler should also be drained as soon as the 
pressure and temperature of the water have dropped enough to 
allow this to be safely done so as to prevent any damage by 
freezing. 


PRIMING: CAUSES AND REMEDY 


52. Priming is the act of carrying water in the form of a 
spray from the boiler into the steam chests and cylinders. 

The principal causes of priming are as follows: Carrying 
the water too high thus reducing the steam space, the boiler 
improperly designed, that is lacking in steam space so that it 
has to be forced beyond its capacity; the use of dirty water 
which forms a scum on the surface; a sudden reduction of the 
pressure caused by opening the throttle quickly or by the safety 
valves blowing off. 
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The heat transmitted through the walls of the firebox and 
tubes causes the water at these points to be hotter than at other 
parts of the boiler. The steam that is generated near these 
surfaces, rises to the surface of the water in the form of little 
bubbles which are prevented from expanding by the pressure 
of the water. As the bubbles near the surface, the water 
exerts less pressure on them and they explode and throw small 
particles of water into the steam space in the form of spray. 
With a high water level, more or less water will then be car- 
tied through the throttle valve with the steam. 


53. With engines using saturated steam, priming is apt 
to cause broken cylinders or cylinder heads, as it washes out 
the lubricant and causes cut pistons and valves, and destroys 
the valve stem and piston packing. 

To prevent damage in priming with excessive water, the 
cylinder cocks should be opened and the supply of feedwater 
cut off until the water level drops to the correct height in the 
boiler. The blow-off cocks may be used to lower the level of 
the water and the throttle should be eased off until the correct 
level has been reached. 

Priming is detected by the appearance of spray at the stack, 
and can also be detected by the sound of the exhaust. 

With superheaters, the water that is carried over with the 
steam is converted into steam in the superheater units, thereby 
lessening the degree of superheat and increases the condensa- 
tion of steam in the cylinders. The entry of water into the 
superheater units, will in time cause them to burn out. Any 
foreign matter in the water will be deposited in the units, and 
this will continue until the surface of the unit is covered over. 
The greatest accumulation is usually at the return bends at the 
back end of the units, due to these portions being nearest the 
firebox where the rate of evaporation is greatest. With the 
steam no longer in contact with the inside surfaces of the units, 
the firebox ends of the units will eventually become burned 
until finally they are no longer able to withstand the steam 
pressure. 
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FOAMING 


54. Theory of Foaming—When the generation of steam 
is accompanied by the formation of a mass of foam or bubbles 
on the surface of the water, the water is said to be foaming. 
The theory of foaming is as follows: When water is boiling, 
a thin film of liquid known as a steam bubble encloses each 
particle of steam until it reaches the surface of the water. 
Under normal conditions, the bubble then bursts and sets the 
steam particle free. However, with certain impurities in the 
water, the thin film of liquid around the steam bubbles has 
greater tension and does not rupture so readily so that the 
steam bubbles on rising to the surface do not burst but persist 
as a mass of bubbles or foam on top of the water. The mass 
of steam bubbles or foam builds up to such an extent that it 
passes through the throttle valve. A considerable amount of 
water is then carried into the superheater units and results in 
the objectionable features that follow the use of wet steam. 
Foaming is usually caused by a heavy accumulation of soluble 
alkali salts combined with mud and other matter in suspen- 
sion such as loosened scale. 


55. Procedure When Foaming Occurs.—Foaming occurs 
more readily when the water level is high than when low. 
The reason is that the steam space is less with high water, and 
when the throttle is opened, the steam pressure is drawn down 
more quickly, which causes the steam to be generated faster, 
thereby aggravating foaming. With a lower water level and 
hence with a greater steam space, the pressure is not affected 
to such an extent when the throttle is opened and the tendency 
to foam is lessened. Therefore, it is the practice to carry the 
water level quite low with water that foams. However, the 
impurities may be present in such quantities that foaming will 
be more or less continuous regardless of the water level. 
Foaming can be controlled to some extent by means of the 
blow-off cocks and blowing out should be started at the begin- 
ning of the trip because a large percentage of the solids in the 
water have already been precipitated as sludge before the 
engine is moved. 
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A boiler free from sludge is not so liable to foam, because 
when sludge is present, any rough handling or unusual hard 
work will cause it to rise and mix with the water and result 
in foaming. The amount of water to be blown out will be 
much less if the blowing out is started early than if no water 
is blown out until foaming actually begins. The blow-off 
cocks should be operated as already explained. 

At the first indication of foaming, the throttle should be 
partly closed and if necessary the cut-off should be lengthened. 

Many railroad companies in bad water districts make a prac- 
tice of treating the water to prevent foaming. 

With enginemen accustomed to bad water conditions there 
is practically no danger of burning the boiler in cases of foam- 
ing. Foaming is objectionable because it gives wet steam, and 
also because the impurities in the water are deposited in the 
superheater units and causes them to overheat. 


CAUSES FOR UNEVEN EXHAUSTS 


56. When the exhausts are of unequal intensity or do not 
occur at regular intervals the engine is said to be lame. Gen- 
erally this condition is due to the valves not being properly 
set, to a derangement of the valve gear caused by wear or 
springing of the parts, or to leaky valve or piston rings. 
The derangement or leak has to be considerable before the 
exhausts are affected enough for the engine to sound lame. 

If the valves are not properly lubricated and become dry, 
the engine may sound lame especially when the parts of the 
valve gear are of light construction because they will spring 
enough to make the exhausts sound uneven. This trouble is 
generally overcome by increasing the supply of valve oil. 

An engine with a valve gear of light construction may sound 
lame if when starting a train the reverse lever is hooked up 
too quickly, but the trouble can be corrected by dropping the 
lever or partly closing the throttle. 

If the valve on one side is not properly set, or if the parts 
of one gear are worn or deranged in any way, and the valve 
on the other side is square the result will be either a heavy 
and a light exhaust, two heavy exhausts, or two light exhausts 
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on that side. The intensity of the exhausts will be as follows: 
_— -3 ; — ——; unequal length 
designating uneven exhausts, and the lines of the same length, 
normal exhausts. 

The side at fault can be located by a study of Fig. 5, which 
shows the positions of the crankpins on the right and left sides 
when the exhausts occur at the various ports with the engine 
running forward. Thus if the uneven exhausts occur when 
the right crankpin is somewhere between 1 and 2 and 3 and 4, 
the trouble is with the valve gear on the left side. If the left 
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side was being watched, and this valve gear was out, the 
uneven exhausts would occur between 4 and 1 and 2 and 3. 
Tf the right valve gear is out, and this side was being watched, 
the uneven exhausts would occur between 4 and 1, and 2 and 3. 

A leaky or broken exhaust ring on a valve will cause one 
light exhaust and the exhausts will then sound as follows: 
— — —-; or three normal and one light. A leaky or broken 
steam ring will cause one heavy exhaust, and the intensity of the 


exhausts will then be — — — ——; oF three normal and one 
heavy. Piston rings that blow on both strokes cause two light 
exhausts, thus — - — -. The engine must be moving at 
low speed in order to notice the difference in the intensity of the 
exhausts. 
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BLOWS 


57. Effect of Leaks.—Leaky steam and exhaust rings on 
the valve and leaky piston rings are not only wasteful of steam 
but they reduce the power of the locomotive and prevent it 
from working smoothly and efficiently. Leaky rings, particu- 
larly the valve rings, make it difficult or impossible to lubricate 
properly the valves and the cylinders. The fact that no audi- 
ble blows exist is ‘no indication that the valve rings and the 


Point of Preadmission (Front Port) — 
Fie. § 


piston rings are tight. The leaks may be great enough to 
impair the power of the locomotive and still may not be audi- 
ble, in fact with superheated locomotives, the first indication 
of leaks is not a blow but instead a noticeable loss of power. 


58. Purpose of Rings—lLeaky steam and exhaust rings 
can be located with much more certainty if one has an under- 
standing of the purpose of the rings. In brief the purpose 
of the steam and the exhaust rings is to form a partition (1) 


Port Opening 
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Cut-Off (Front Port) 
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between the steam chest and the atmosphere; (2) between the , 
steam chest and the cylinder, and (3) between the cylinder 
and the atmosphere. 

As shown in Figs. 6, 7, and 8, the front exhaust ring of an 
inside admission valve forms a dividing line between the steam 
chest and the atmosphere between the point of preadmission 
and the point of cut-off, or during the period of admission. 
If the ring is not steam tight, the pressure is lowered in both 
the steam chest and the cylinder, thereby resulting in a greater 
tax on the boiler. 

The front exhaust ring also separates the cylinder from the 
atmosphere between the point of cut-off, in Fig. 8 and the 


adel | Lal 
Release (Front Port) 
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point of release, in Fig. 9 or during the expansion period, and 
this results in a loss of cylinder pressure if the ring leaks. 
The front exhaust ring shown in Fig. 10, separates the cylin- 
der from the atmosphere between the point of closure, and the 
point of preadmission in Fig. 6, and thereby prevents the 
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building up of compression if the ring is not tight. This 

further taxes the boiler for the steam required to fill the cylin- 

der clearance before the piston starts in the other direction. 
The back exhaust ring performs similar functions at the 


other end of the valve. 


Closure (Front Port) 
Fie. 10 


The front steam ring of an inside admission valve forms a 
dividing line between the steam chest and the cylinder between 
{ the point of cut-off as shown in Fig. 8, and the point of release 

in Fig. 9, or during the expansion period. If the ring leaks, 
steam will continue to pass to the cylinder after cut-off occurs, 
thereby giving an excessive volume of steam in the cylinder 
as well as an uneven turning impulse on the wheel. 

The front steam ring also separates the steam chest from 
the cylinder between the point of closure, as in Fig. 10 and 
the point of preadmission in Fig. 6, or during the period of 
compression, and the result, if leaking, will be excessive com- 
pression and a retarding effect upon the piston. 
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In addition the front steam ring separates the steam chest 
from the atmosphere during a part of the first exhaust period, 
as shown in Fig. 11, and the ring if leaking, tends to lower the 
steam chest pressure and prevents a normal exhaust. The 
back steam ring performs similar functions at the back end 
of the valve. 

Piston rings at all times partition the steam side of the pis- 
ton from the exhaust side, and if the rings are leaking, they 
will affect more or less seriously the power of the locomotive. 


Steam Vise il 


Point of Preadmission (Back Port) 
Fic. 11 

59. Causes for Blows—The causes for blows in the 
valves may be due to improperly fitted, worn or broken rings ; 
the ring grooves may be carbonized, which will cause the rings 
to stick and not expand against the walls of the valve bushing; 
the valve bushings may be worn or cut, or the nuts on the 
valve stem may be loose, which permits the steam to leak 
through the joints between the valve body and the follower. 

Blows in the cylinder may be caused by improperly fitted 
piston rings; the rings may be worn, broken, or carbonized in 
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the piston grooves so that they cannot expand and press against 
the walls of the cylinder; or, the piston may be worn smaller 
than the cylinder so that the rings cannot make a proper joint. 

The rings in the valve and piston will also wear out or break 
more frequently than otherwise if the locomotive is allowed 
to drift with the throttle closed This permits smoke and for- 
eign matter to be drawn into the steam chests and cylinders, 
which destroys the lubrication, and cuts the surfaces of the 
valves, pistons, rings and bushings. The effect is the same 
if the engine is allowed to prime. 

In some cases, through a desire to make a good showing in the 
economy of valve oil, the supply is cut down to such an extent as 
to make it impossible to run the engine without damage to the 
valves, valve rings, valve bushings, cylinders, pistons and pis- 
ton rings. 


TESTING FOR DEFECTIVE VALVE AND PISTON RINGS 


60. General Instructions.—It is difficult, if not impossible, 
to lay down a set of positive tests for the location of defective 
rings in the valves and pistons. A defective ring on a valve 
is not difficult to locate, but if both valves have defective rings, 
the question of making an accurate test becomes more compli- 
cated. The better knowledge the engineer has of the position 
of the valve rings in relation to the ports for the different posi- 
tions of the crankpins, the easier it will be for him to make an 
accurate test under any condition. There should never be any 
difficulty in the location of defective piston rings, but con- 
siderable doubt may exist as to the location of defective valve 
rings. The important thing to locate is the valve with the 
defective rings rather than the exact location of the bad ring. 
To specify any particular ring as defective is of no service 
because the valve has to be pulled in any event. When the 
machinist pulls the valve and examines the rings he should note 
whether they have been bearing against the valve bushings all 
around. If the face of any of the rings shows black in spots, 
it indicates blows, and the ring should be removed. 

When making the tests, any passage of steam through the 

exhaust passages from one side of the engine to the other will 
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be disregarded. With a single exhaust nozzle, the exhaust 
passage from each cylinder join below the nozzle tip, but should 
the steam leak from one side while the other is being tested, 
it can pass out the nozzle with less restriction than it can pass 
to the side under test, 


61. Testing Piston Rings—The piston rings should be 
tested first when making a test for blows. To make the test, 
place the engine on either quarter, assume the bottom quarter 
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Fie. 12 
in this instance, and move the lever all the way forward. The 
piston and the valve will now be in the position shown in 
Big. 12. Then set the brakes, open the cylinder cocks, and 
partly open the throttle. If the piston rings leak, a blow of 
steam will occur at the back cylinder cock. Next move the 
lever to full back gear, and the valve will be at the position 
shown in Fig. 13. If steam appears at the front cylinder 
cock, it is a further test that the piston rings are leaking. 
Defective valve rings will not interfere with this test unless 
they all leak on the valve on this side, which is improbable. 
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Therefore, this test for leaky piston rings may be considered. 
as being fairly positive. 

Before making this test, shut off the compressor, if its 
exhaust is piped to the exhaust passages, also shut off the 
lubricator as well as the steam valves of all auxiliary devices 
that are connected with the cylinders. 

Sometimes the bull ring of a built-up piston is such a close 
fit that it will prevent the escape of steam from one end of 


Fic. 13 
the cylinder to the other after the piston has been heated up 
even though the rings are defective. Such a condition causes 
an intermittent blow or the blow will occur at starting when 
the cylinder temperature is low. 


62. Testing Steam Rings—-When testing the steam 
rings, place the valve to be tested as nearly as possible in a cen- 
tral position, in the following manner: Move the engine until 
the crosshead is in the center of the guides as nearly as can be 
judged, and with the Walschaert valve gear, place the link 
block pin opposite the link trunnions by moving the reverse 
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lever towards the center. More attention should be given to 
the position of the link block pin than to the: position of the 
lever in the quadrant, because the reach rod may be too long or 
too short. With the Stephenson gear, plumb the rocker arm, 
and with the Baker gear, plumb the vertical arm of the bell crank, 
By these methods, the valve will be more accurately centered 
than by attempting to spot the crankpin on the quarter, 
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The accurate spotting of the locomotive is particularly impor- 
tant when testing the steam rings of the valves of limited cut- 
off locomotives. As shown in Fig. 14 each steam ring with 
the valve exactly central overlaps the starting ports by only 
one-half inch. If the locomotive is not spotted accurately or 
if there is lost motion in the valve gear, the valve may not cover 
a starting port, thereby giving the effect of a leaky steam ring. 
It will be assumed when centering the crosshead, that the 


LOCOMOTIVE MANAGEMENT 53 


crankpin has been placed near the bottom quarter. If the 
proper care has been taken, the valve will now stand central 
as shown in Fig. 15 with the steam rings forming a partition 
between the steam chest and the cylinder. If the rings are 
tight, steam cannot enter either end of the cylinder, when the 
throttle is opened, and the appearance of steam at either cylin- 
der cock is an indication that the steam ring on that end of the 
valve is leaking. However, it sometimes happens that the 
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valve bushing does not make a steam-tight joint in the cylinder 
casting, and steam will blow between the bushing and the cast- 
ing from the steam chest into one end of the cylinder in all 
positions of the valve. Also the surface of the valve bushing 
that forms the valve seat may be badly worn or scored and will 
produce the same effect. Assuming the blow to be at the back 
cylinder cock, then the difference between a blow at the back 
steam ring and at the valve bushing is that the former can usually 
be entirely stopped or reduced in volume by moving the lever 
to full forward gear because this moves the valve until the 
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back exhaust ring, as shown in Fig. 12, makes the joint. If 
the blow continues either the bushing or both rings on the back 
end of the valve are defective. Steam will discharge from the 
front cylinder cock when making this test because the valve 
has the front steam port open. 

To test between a defective front steam ring or front bush- 
ing, place the reverse lever in full back gear and note the indi- 
cations as just explained, 


Fic. 16 

63. Testing Exhaust Rings—There are several good 
tests for leaky exhaust rings. One of these tests is made as 
follows: With the engine in the same position as when test- 
ing the steam rings, move the reverse lever forwards until 
steam appears at the front cylinder cock. The front exhaust 
ting, shown in Fig. 16, is now a partition between the steam 
chest and the atmosphere, and if it leaks, a blow will be heard 
at the stack. Next move the lever to full forward gear, as in 
Fig. 12, the front steam ring now becomes a partition between 
the steam chest and the atmosphere and the blow will stop if the 
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steain ring is tight. To test the back exhaust ring, first move 
the reverse lever backwards, (see Fig. 17) and then proceed as 
just explained. 

Another test for exhaust rings is to move the crosshead to 
the front end of the stroke. The front steam port is now 
open the lead, Fig. 18, and the front exhaust ring is a partition 
between the steam chest and the atmosphere. If the ring leaks, 
a blow will be heard at the stack. Next move the engine 
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until the crankpin comes to the bottom forward eight, then 
with the reverse lever in full gear, the steam ring will have 
passed over the exhaust edge of the port, Fig. 19, and the 
blow will stop if the steam ring is tight. 

To test the back exhaust ring, move the crosshead to the 
back end of the stroke, and next move the crankpin to the top 
back eight. 

Another test for a leaky exhaust ring is to watch the stack 
closely when moving slowly or when starting a heavy train. 
A leaky ring will cause a noticeable whiff of steam at the stack 
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just before the exhaust occurs from the end of the cylinder 
where the ring is located, the same as if the blower had been 
opened and closed quickly. 


64. Running Test For Valve Rings—A steam ring that 
leaks to any great extent will cause one heavy exhaust in each 
four, and a leaky exhaust ring will cause one light exhaust in 
each four. The difference in the intensity of the exhausts 
will be more noticeable at low speeds with the engine working 
at a long cut-off. The valve with the defective ring 
can be located from a study of Fig. 5. A heavy or a light 
exhaust with the engine moving forwards, and with the right 
crankpin between 1 and 2 or 3 and 4 indicates that the defec- 
tive ring is on the left valve. If it occurs between 2 and 3 or 
4 and 1 the defective ring is on the right valve. 

When testing the valve and piston packing rings of three- 
cylinder locomotives, each cylinder should be tested separately 
in the same manner as explained for a two-cylinder locomotive. 


POUNDS 

65. Causes for Pounds—A pound is not only destructive 
to the engine but it is a source of annoyance to the engineer. 
When a pound develops, the engineer should endeavor to detect 
the cause and have it remedied as soon as possible, because if 
permitted to continue, more serious trouble may result. Pounds 
in the driving boxes and in the rods are liable to cause frame 
breakage and damage to the running gear. 

Pounds in the main rods and side rods are caused by improp- 
erly fitted or worn brasses, which being larger in diameter 
than their pins, result in a pound when the slack is taken up 
at each end of the piston stroke. Worn side-rod brasses per- 
mits the rods to rattle on the crankpins when drifting with a 
closed throttle. Worn or loose knuckle pins will also cause a 
pound in the side rods. 

Pounds in the crown brass of a driving box are caused by 
the thrust and pull action of the piston. This action wears the 
brass faster on the front and back, than on the crown, which 
allows the axle to work back and forth in the brass and pro- 
duces a pound every time the stroke of the piston is reversed. 
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Excessive pressure is sometimes used when pressing the 
crown brass into a driving box and this causes the box tv open 
out at the bottom so that the shoe and wedge faces are not 
parallel. With the box wider at the bottom than at the top, 
the wedge when set up will be tight at the bottom of the box 
and loose at the top. This condition allows the box to move 
back and forth at the top every time the piston stroke is 
reversed, and causes a pound. 

If the oil or grease cellars are not fitted properly to the driv- 
ing box, but are a loose fit, the box will often close in at the 
bottom as the crown brass becomes worn, and a pound will 
result, 


66. Loose or broken crown brasses, slack wedges, or loose 
pedestal binders will also cause pounds. Loose or improperly 
fitted pedestal binders cause a pound by permitting the ends 
of the pedestals to work in the slots in the binders, and may 
cause a crack in the frame near the junction of the pedestals 
with the top rail. 

A loose wristpin in the crosshead; a piston rod loose in the 
crosshead ; or a piston loose on the rod, will cause a pound. 

Pounds in the cylinders are often caused by the front end 
of the piston rod or piston striking the cylinder head, because 
of the main rod being too long; or if it is too short, the piston 
will strike the back cylinder head. 

The repeated setting up of the wedges causes the axles to 
move closer to the cylinders, and the pistons to move closer to 
the front cylinder heads. This in combination with worn 
bearings may reduce the clearance enough to cause a pound. 

A cylinder loose on the frame due to loose bolts or cylinder 
keys will cause a bad pound and it should be keyed up and 
rebolted at the first opportunity. 

A broken frame always causes a bad pound, and the engineer 
should examine the break as the location may be such as to 
make it necessary to give up the train at the nearest station. 

Pounds may be caused by flat spots on the tires made either 
by skidding the wheels or by high compression in the cylinders 
due to some derangement of the valve gear. 
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67, Tests for Pounds.—To test for all pounds in the rods 
and the boxes, place the engine on the top quarter, block the 
driving wheels both ways, but do not set the brake. Then open 
the throttle slightly and move the reverse lever from one end 
of the quadrant to the other, thereby admitting steam first to 
one end of the cylinder and then to the other. This action will 
result in an alternate thrust and pull on the main crankpin 
and the axle, that will show where the lost motion exists. 

If the crown brass is loose, broken, worn, or out of round, 
the axle will move without moving the driving box; if the 
faces of the driving box are not parallel the top or bottom of 
the box will move back and forth between the shoe and the 
wedge; if the wedge is slack, the whole box will move to and 
fro. The pedestal binder, if loose, will work on the frame. 
The brake should not be set when testing, because the brake 
tends to hold the axle hard against the crown brass, and the 
driving box against the shoe. 

A pound caused by a loose wedge may be remedied by set- 
ting up the wedge, but those due to worn, loose, or broken 
bearings, defective boxes or pedestal caps should be reported 
and repairs made promptly. If there is too much slack between 
the crosshead and the guide bars, a very disagreeable pound 
will result when working the engine hard at slow speed, or at 
short cut-off; also, there will be a tendency to bend the piston 
rod and destroy the piston-rod packing. This pound may be 
stopped by either closing in the guide bars or lining out the 
crosshead shoes or retinning them as the practice may be. 


68. A loose wristpin will cause a pound in the crosshead 
and if detected should be reported for renewal. 

A loose piston rod in the crosshead or the piston causes a 
severe pound and if not detected and repaired may result in a 
broken front-cylinder head or cylinder, or both. Pounds in 
the cylinder such as a loose piston are hard to locate as they 
appear to be in places other than the cylinder. They may be 
detected by placing the engine on the quarter, then setting the 
brake and reversing the engine from forward to back and back 


to forward with a light throttle. By placing the ear to the 
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cylinder a pound or thud will be heard when the direction of the 
piston is reversed and the piston head comes up against the nut 
or nuts. A loose piston rod in the crosshead may be detected 
by watching the rod fit in the crosshead when the engine is 
reversed. A loose piston -head, or a piston rod loose in the 
crosshead, should be reported for repairs as soon as possible 
after detection. 


69. The setting up of the wedges due to wear on the 
shoes causes the axle to move closer to the cylinder, thus mov- 
ing the piston closer to the front cylinder head ; also worn bear- 
ings often cut down the cylinder clearance at one end of cylin- 
der. These pounds may be detected by noting on which center 
the pound occurs or by noting on which end of the guides the 
crosshead travels up to the bump marks. If the pound occurs 
on the back dead center or if the crosshead travels to the bump 
marks on the back end of the guides, the main rod should be 
lengthened by placing a shim between the front of the main rod 
brass and removing a like amount from the back so that the 
bolt holes in the strap will line up with those in the rod. If the 
pound occurs on the forward center or if the crosshead travels 
up to the bump marks on the front end of the guides, a shim 
should be removed from the front of the brass and inserted at 
the back of it. If a pound develops in the cylinder and the 
crosshead does not travel up to the bump marks, foreign mat- 
ter must have got into the cylinder, and the cylinder heads should 
be taken off and the cause ascertained and remedied. 

A stuck driving box usually referred to as a stuck wedge, 
will cause a pound and heating if stuck up owing to the journal 
lifting and striking the box when the counterbalance is passing the 
top quarter. If at a forward driving box, the wheel may derail 
due to it lifting clear of the rail. 

A pound in the right main driving box is more noticeable 
when backing up because when going ahead, the left crankpin 
is the trailing pin, and the thrust on it tends to keep the slack 
from being taken up on the right side. When backing up, the 
left crankpin leads the right one, the slack is not taken up on 
the right side, and a pound occurs. 
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A pound in the left main driving box is more pronounced 
when going ahead; when backing up the right crankpin is the 
trailing one, and takes up the slack in the left driving box. 


BLOW-OFF COCKS 


70. Method of Using —Blow-off cocks are usually operated 
by a rod that extends up through the running board, A blow- 
off cock is generally located on each side of the firebox, at or 
near the lowest point of the mud ring, but in some cases one is 
placed in the center of the mud ring at the front of 
the firebox. 

It is a mistake when using the blow-off cocks to fill the boiler 
up before blowing it out. The reason for using the blow-off 
cocks is to get rid of the foul water in the boiler, and nothing is 
to be gained by filling the boiler up and thereby diluting the 
water with fresh water from the tank. Such a practice is also 
harmful due to the stresses that are set up in the boiler. How- 
ever, there should be three gauges of water before the blow-off 
cocks are opened as this will give more time to get a valve 
seated should it fail to close. 

When operating the blow-off cocks, they should both be 
opened, if possible, at the same time. They should be held 
open for about three seconds, and then closed for about six 
seconds, and this should be continued until the desired amount 
of water has been blown out. 

The reason for opening and closing the cocks in the above 
manner is to give the sludge in the water legs a chance to col- 
lect around the cocks before they are opened again. With 
the cocks held open continuously, a column of water starts 
flowing towards them from the upper parts of the boiler and 
prevents the foul water that is standing around the blow-off 
cocks from escaping. 

When using the blow-off cocks, the quantity of water blown 
out should not be so great as to require a large amount to be 
injected again while the engine is standing. Supplying too 
much water at one time when the water is low causes great 
differences in temperature between the lower and the upper 
parts of the boiler and the liability of starting flues and stay- 
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bolts leaking is greatly increased. Whenever it is possible, 
water should be supplied when the engine is moving. When 
the engine is standing the water level should be raised only a 
little at a time. 

BOILER FEEDING 


71. The feeding of the boiler has a more important bear- 
ing on boiler maintenance than is generally thought to be the 
case. Improper operation of the injector or feedwater pump 
results in more destructive stresses in the boiler than any other 
cause, and is responsible for more boiler leaks than all other 
causes combined. At ordinary working pressures, the differ- 
ence between the temperature of the water in the boiler and 
the temperature of the entering feedwater is about 200° F. 
When the engine is working the circulation is rapid and the 
temperatures soon equalize, but if the engine is standing, the 
temperatures equalize more slowly; the cooler water settles 
around the firebox sheets and damage results from the con- 
traction that follows. It therefore follows, when the engine 
is working, that the least damage will be done to the boiler 
through expansion and contraction, if the water is supplied at 
about the same rate as it is being used. 

When drifting, the water level should not be raised too high 
unless a good fire is maintained, and when standing, too much 
water should not be supplied at one time. 


72. Modern locomotives generally steam freely, and it is 
sot often necessary to trade water for steam as was often the 
vase with lighter power. However, the hauling of the speci- 
fied tonnage is of the first importance, and if the engine does 
not steam freely the water level will have to be lowered some 
in order to maintain full pressure on grades. In such cases, 
advantage must be taken of stops, drifting, switching, or when 
the engine is not working to full capacity to increase the height 
of the water to its proper level. 

When hauling heavy trains or making fast time and where 
the station stops are of any length, it is well to have the water 
a little down when stopping. The water can then be raised 
to the proper level while building up the fire and at the same 
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time the pops will be prevented from blowing off. When the 
start is made, the water will be at the required level, the fire 
will be in good condition, and the steam pressure will be high. 

If the stop is made with a higher water level, the fire can- 
not be put in proper shape without causing popping, unless the 
water level is raised too high. 

Special care should be taken in feeding the boiler after the 
engine arrives at the terminal. The engine frequently stands 
on the roundhouse tracks for considerable periods after the 
completion of a trip, and the fire is generally in poor condition. 
The fire should be built up as much as possible before putting 
on the injector, and the water level should not be raised too 
much at one time. 


DERAILMENTS 


73. Car Replacers—A top view as well as two side 
views of a pair of Alexander car replacers is shown in Fig. 20. 
The three views (a) show the outside replacer and the three 
views (b) show the inside replacer. As the name implies, the 
outside replacer is used to rerail the wheel that is off on the 
outside of the rail, and the inside replacer to rerail the wheel 
off on the inside of the rail. The outside replacer can be 
identified by its greater height as shown in Fig. 20 (a); in all 
other respects the replacers are identical. The outside replacer 
has to be made higher because it must be designed to carry the 
flange of the wheel higher than the rail in order that the flange 
may be carried across the rail when rerailing. The outside 
replacer is, therefore, the height of the flange or about 13 inches 
higher than the inside replacer. To rerail a wheel off on the 
inside of the rail it is only necessary to raise the tread a little 
higher than the rail, hence the inside replacer is made lower. 
Each replacer is curved on the side that comes next to the rail 
so that the outer ends can be shifted to suit the distance the 
wheels are away from the rails and at the same time keep their 
centers close to them. 

When rerailing, the tread of the inside wheel is carried on 
the flange a, Fig. 21, of the inside replacer. The wheel flange 
follows the groove b and the flange c of the replacer serves to 
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guide the wheel flange towards the side of the flange a provided 
the wheel flange is not already up against it. 

The tread of the outside wheel may ride on either the flange 
d or ¢ of the outside replacer depending on the distance of the 


Fre. 20 


wheel from the rail. In the former case the wheel flange runs 
between the replacer and the rail, in the latter the flange will 
run in the groove f in which event the flange a of the inside 
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replacer prevents any movement of the wheels towards the 
rails until desired. 

Near the apex of the replacers the flanges a and d of each 
one as well as the grooves b and f run out and are replaced 
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by the surfaces g that slope towards the rail. The wheel on 
the outside replacer is higher than the other wheel, by the 
height of its flange, therefore the treads of the wheels when 
they reach the tops of the replacers, will slip off the sloping sur- 
faces g on to the rails. The outside replacer is of such a 
height that the first part of the slipping movement of the tread 
carries the flange all of the way across the rail, then the tread 
drops down on to the rail. 


Fic. 22 


Each half of a replacer is constructed the same so that the 
wheels can be pulled on to it from either direction. 


74, With the type of replacers shown in Fig. 22 the flange 
a on the inside replacer alone serves to prevent a movement 
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of the wheels towards the rail until desired. In other respects 
the operation of both types of replacers is similar. The out- 
side replacer elevates and guides the flange towards the rail in 
the same manner as the outside replacer in Fig. 20 when the 
tread is running up on the flange d. The flanges and grooves 
on the inside replacer, Fig. 22, serve the same purpose as simi- 
lar grooves and flanges on the inside replacer shown in Fig. 20. 


75. Rerailing.—It is impossible to do more than give gen- 
eral directions for the replacing of engines on the track because 
the condition in any two cases is seldom the same. In the 
event of two or three pairs of wheels dropping off the rails 
at slow speed it may be possible to rerail the engine under her 
own power, depending upon the condition of the track; how 
far the wheels have cut down into the ties and ballast; also 
whether the ties are spaced close together or quite a distance 
apart. The season of the year also makes a difference as it is 
easier to rerail an engine when the ballast is frozen than when 
it is not. 

In rerailing, an engine will generally go on the rails the 
easiest by taking it back over the same route it went off. 

In case an engine runs off the track, a few minutes’ inspec- 
tion should show whether or not an effort should be made to 
rerail without assistance. If the wheels are close to the rails 
and have not settled down in the roadbed and all the driving 
wheels are not off the track, it may be possible to rerail the 
engine without sending for assistance, by means of a set of 
car replacers, hardwood blocks, shims or wedges, fishplates 
or any other material that is available. 

When there is only one pair of wheels off the track, a set 
of car replacers should be placed close up against the wheels 
with the inside replacer so placed that there is just enough 
space between the replacer and the ball of the rail for the flange 
of the wheel to enter as it rerails. The outside replacer should 
be placed as close as possible to the rail; the caulks on the bot- 
tom of replacers pressing in the ties will generally hold the 
replacers in place. If the replacer is so placed on the ties that 
the caulks cannot hold, or when used on a truck that is badly 
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askew, or when snow, ice, or sandy or muddy conditions pre- 
vail it is usually better to spike the replacers in place. 

When more than one pair of wheels are off the track, hard- 
wood shims, fishplates or any other suitable material that is 
available should be placed between the ties so as to provide a 
fairly level surface for the wheels to run on when leading up 
to the replacers, and to prevent them from sinking into the 
ballast. 


76. In some cases another engine may be necessary to 
assist in pulling the derailed one on the track. The engineer 
of the one that is pulling should always be prepared to stop 
quickly in case things do not go just as expected. Good judg- 
ment must be exercised in placing the wedges or replacers in 
position, for a little thought in regard to this may save hours 
of hard work. 

It frequently happens that engines get off the track in such 
a way that nothing can be done towards getting them on again 
without the use of heavy tools. In such cases, no time should 
be lost in sending for the wrecking car and crew. If the engine 
is off the track in such a manner that the water connections i 
between the engine and tender are broken it may be necessary i 
to draw the fire. This will depend on the height of the water | 
and the condition of the fire. 

If the engine has to be jacked up, considerable work can be 
saved by putting nuts or pieces of iron between the bottom of 
the driving box and the pedestal binders, so that the wheels will 
lift with the frame. As the engine is lifted blocking should be 
put in place underneath it to “hold good” all that the engine is 
raised. Before jacking or lifting the engine, the engine truck 
should be chained to the frame so that it will be raised with 
the engine. 

If the truck wheels stand at an angle they should be pulled 
or jacked into line. When the engine has been raised high 
enough, cross ties may be laid and rails may be put under the 
wheels. Then the best way to get the engine on the main 
track will be to break the joints and swing the end of the rails 
around far enough to connect with the rails on which the 
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engine rests ; the engine may then be moved out, the main track 
swung back, and the rails again connected. 

With large, heavy engines, the rerailing of any of the 
wheels will be found to be very difficult, and in most of the 
cases it is best to immediately send for the wrecking crew, as 
they will rerail an engine with less delay to traffic. Excep- 
tion may be made to this practice when only the engine or ten- 
der truck is off the track and can be replaced without much 
delay. 


WHEEL DEFECT, WORN COUPLER LIMIT, WORN JOURNAL 
COLLAR AND JOURNAL FILLET GAGE 


77. Explanation of Use.—In Fig. 23 is shown a view of 
the standard wheel defect, worn coupler limit, worn journal 
collar and journal fillet gauge with reference letters added to 
the dimensions in order to prevent any misunderstanding of 
their purpose in the explanation that follows: The rules referred 
to in the following will be found in the abstract from the Rules 
and Instructions for Inspection and Testing of Steam Locomo- 
tives and Tenders in the back of this lesson paper. 

Dimension a, 4% inch, is used to gauge the thickness of the 
flanges of all wheels. See Rules 145 (i), 146 (f), and 150 (/). 

Dimension b, 1 inch, is used to gauge the thickness of the 
flanges of cast-iron or cast-steel wheels with a specified size 
of journal. See Rule 145 (4). 
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Dimension c, % inch, insures that the gauging prescribed by 
Rules 145 (h), 146 (f), and 150 (h) is done at the prescribed 
distance above the tread. 

Dimension d, 23 inches, is used to gauge flat spots, cracks, and 
shelled-out spots. See Rules 145 (b), 145 (e), 146 (d), and 
150 (h). 

Dimension (e), 3% inches, is used to gauge broken rims and 
the distance seams are from the flange. See Rules 145 (d) 
and 145 (g). 

Dimension e', 34 inches. Rule 145 (d) does not mention 
whether the fracture inclines in or out. The Rules of Inter- 
change permit the 33-inch dimension if the fracture inclines 
outwards and the 3%-inch dimension if the fracture inclines 
inwards. 


Fic. 24 


Dimension f, & inch, insures that the gauging prescribed by 
Rule 145 (d) is done at the prescribed height above the flaage. 

Dimension g, inch, is used to gauge flanges with flat vertical 
surfaces on certain classes of wheels. See Rule 145 (h). 

Dimension g’, 1 inch, is also used to gauge flanges with flat 
vertical surfaces on certain classes of wheels. See Rules 146 
(f) and 150 (h). The vertical flange rule is to prevent wheels 
from running which may split a switch. 
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It should be noted, however, that the accuracy of the gauging 
for vertical flanges depends on a straight horizontal portion of 
the tread on which to place the gauge. See Fig. 10 in the 
Abstract from Federal Inspection Rules in back of this lesson 
paper. Such a tread is found only on a new tire, because this 
portion of the tread is no longer straight after the tire has been 
in service for a month or two, Therefore, judgment must be 
used in gauging, otherwise tires may be condemned for vertical 
flanges that might be used with safety for several months 
longer. 


Fria. 25 


Dimension h+i, 1 inch+1 inch, is used to gauge two or more 
adjoining flat spots. See Rules 145 (b) and 146 (c). 

Dimension j, } inch, is used to gauge the collars on journals 
of tender truck axles and car axles. See Rule 135 (b). 

Dimension k, 54 inches, is used to measure the extent of the 
wear between the point of the knuckle and the guard arm, of 
MCB contour 1904 couplers. If the distance between b and ¢, 
Fig. 24, exceeds 54 inches, the defective parts must be renewed 
to bring the coupler within gauge. The condemning limit of 
type D and E couplers is 55 inches, and the gauge used is 
shown applied in Fig. 25, with the points a and b contacting the 
guard arm, 

The #;-inch radius is used to gauge the fillet on the back 
or dust guard end of the journal of a tender or a car. See 
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Rule 135 (b). If this fillet is found to have a radius of less 
than ;'; inch and the capacity of the car is between 50,000 and 
60,000 pounds, the Rules of Interchange specify that the axle 
is to be condemned. 

The -inch radius is used to gauge the fillet on axles of cars 
in excess of 60,000 pounds capacity. If this fillet is found to 
have a radius of less than # inch, the Rules of Interchange 
specify that the axle is to be condemned. Axles are liable to 
crack at the fillets if they are worn out, as this makes a sharp 
corner. 


‘ rope 
2 "Radius on Gage 4 Radius on Journal 


3" it 
t"padius on Journal % Radius on Gage 


(@) @) 
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The use of the $-inch radius is illustrated in Fig. 26, where 
it is shown applied to a journal of a car with a capacity in 
excess of 60,000 pounds. In view (a) is shown a journal with 
the fillet worn until the radius is less than % inch, in which 
event the center of the radius @ midway between the two 
tangents b does not make contact with the fillet, hence the axle 
is condemned. In view (b) the point a makes contact with the 
fillet, so that the journal is passed. 


78. Gauging Flange Height, Tread Wear, and Tire Thick- 
ness.—No specified type of gauge is prescribed to measure the 
height of the flange, the tread wear, and the thickness of the 
tire as prescribed by Rules 146 (f), 150 (1), and 151 (a), but 
one of the type shown in Fig. 27 may be used for this purpose. 
It consists of a steel square with three adjustable fingers. The 
head of the square is applied to the back of the tire and two 
of the fingers are brought into contact with the lowest and 
the highest point of the tread. The outside finger is adjusted 
until it is in line with the inside of the tire; the three thumb- 
screws are then tightened. The gauge can now be removed from 
the tire without affecting the readings. 
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The height of the flange can be obtained by a direct reading 
on the first finger. The tread wear is found by substracting 
the reading of the second finger from that of the first finger. 
The tire thickness is found by subtracting the reading of the 
first finger from that of the third finger. 


FF 
Ce. 


ASS 
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The worn tire in Fig. 27 shows a flange height of 14'¢ inches, 
a tread wear of 14%—ly, or gy inch, and a tire thickness of 
344 —1q’, or 133 inches. 
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ABSTRACT FROM RULES AND INSTRUCTIONS FOR 
INSPECTION AND TESTING OF STEAM LOCOMOTIVES 
AND TENDERS. 


IN ACCORDANCE WITH THE ACT OF MARCH 4, 1915, AMENDING THE ACT 
OF FEBRUARY 17, 1911. 


Approved by orders of the Interstate Commerce Commission, dated October 11, 1915, 
June 30, 1916, November 13, 1916, December 26, 1916, December 17, 1917, April 7, 
1919, May 7, 1928, and February 21, 1929. 


101. The railroad company will be held responsible for the general 
design, construction, and maintenance of locomotives and tenders under 
its control. 

102. The mechanical officer in charge, at each point where repairs 
are made, will be held responsible for the inspection and repair of all 
parts of locomotives and tenders under his jurisdiction. He must know 
that inspections are made as required and that the defects are properly 
repaired before the locomotive is returned to service. 

103. The term “inspector” as used in these rules and instructions 
means, unless otherwise specified, the railroad company’s inspector. 

104. Each locomotive and tender shall be inspected after each trip, 
or day’s work, and the defects found reported on an approved form to 
the proper representative of the company. This form shall show the 
name of the railroad, the initials and number of the locomotive, the 
place, date, and time of the inspection, the defects found, and the signature 
of the employee making the inspection. The report shall be approved by 
the foreman, with proper written explanation made thereon for defects 
reported which were not repaired before the locomotive is returned 
to service, The report shall then be filed in the office of the railroad 
company at the place where the inspection is made. (See Form 2.) 


ASH PANS. 

105. (a) Ash pans shall be securely supported and maintained in safe 
and suitable condition for service. 

(b) Locomotives built after January 1, 1916, shall have ash pans 
supported from mud rings or frames. Locomotives built prior to January 
1, 1916, which do not have the ash pans supported from mud rings or 
frames shall be changed when the locomotive receives new fire box. 

(c) The operating mechanism of all ash pans shall be so arranged that 
it may be safely operated and maintained in safe and suitable condition 
for service. 

(d) No part of ash pan shall be less than 23 inches above the rail. 
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BRAKE AND SIGNAL EQUIPMENT 

106. It must be known before each trip that the brakes on locomotive 
and tender are in safe and suitable condition for service; that the air 
compressor or compressors are in condition to provide an ample supply 
of air for the service in which the locomotive is put; that the devices for 
regulating all pressures are properly performing their functions; that 
the brake valves work properly in all positions; and that the water has 
been drained from the air-brake system. 

107. (a) Compressors—The compressor or compressors shall be 
tested for capacity by orifice test as often as conditions may require, but 
not less frequently than once each three months. 

(b) The diameter of orifice, speed of compressor, and the air pressure 
to be maintained for compressors in common use are given in the follow- 
ing table: 


. Single i i 
Make. Secon | strokes per | op aries, | acigmtnel 
minute. 
Inches. Pounds. 
120 i 60 
100 ts 60 
100 60 
120 oz 60 
100 a3 60 
100 re 60 


For diagram of orifice see figure No. 14. r . 

This table shall be used for altitudes to and including 1,000 feet. For altitudes 
over 1,000 feet the speed of compressor may be increased 5 single strokes per minute 
for each 1,000 feet increase in altitude. 


108. (a) Testing main reservoirs—Every main reservoir before being 
put into service, and at least once each 12 months thereafter, shall be 
subjected to hydrostatic pressure not less than 25 per cent above the 
maximum allowed air pressure. 

(b) The entire surface of the reservoir shall be hammer tested each 
time the locomotive is shopped for general repairs, but not less frequently 
than once each 18 months. 

109. (a) Air gauges—Air gauges shall be so located that they may 


be conveniently read by the engineer from his usual position in the cab. 
Air gauges shall be tested at least once each three months, and also 
when any irregularity is reported. 

(b) Air gauges shall be compared with an accurate test gauge or dead 
weight tester, and gauges found incorrect shall be repaired before they 
are returned to service. 
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110. Time of cleaning—Distributing or control valves, reducing 
valves, triple valves, straight-air double-check valves, and dirt collectors 
shall be cleaned as often as conditions require to maintain them in a safe 
and suitable condition for service, but not less frequently than once every 
six months. 

ieee For Locomotives used in Road 

Service-A=2" 
For Locomotives used in Switching r 
Service-A 2” 


Condemning Limit 


For Minimum Thickness of 
Tires see Rule /5/ 


Critical Line 
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411. (a) Stenciling dates of tests and cleaning—The date of testing 
or cleaning, and the initials of the shop or station at which the work is 
done, shall be legibly stenciled in a conspicuous place on the parts, or 
placed on a card displayed under glass in the cab of the locomotive, or 
stamped on metal tags. When metal tags are used, the height of letters 
and figures shall be not less than three-eighths inch, and the tags located 
as follows: 

(b) One securely attached to brake pipe near automatic brake valve, 
which will show the date on which the distributing valve, control valve 
or triple valves, reducing valves, straight-air double-check valves, dirt 
collectors, and brake cylinders were cleaned and cylinders lubricated. 

(c) One securely attached to air compressor steam pipe, which will 
show the date on which the compressor was tested by orifice test. 

(d) One securely attached to the return pipe near main reservoir, 
which will show the date on which the hydrostatic test was applied to 

| main reservoirs. 
112. (a) Piston travel—The minimum piston travel shall be sufficient 
to provide proper brake shoe clearance when the brakes are released. 
(b) The maximum piston travel when locomotive is standing shall be 
| as follows: 


Cam type of driving wheel brake... 


Other forms of driving wheel brake 6 
Engine truck brake......... 8 
Tender brake...,......+ aries Wisle wie eine metsi a aia eata sae 9 
510 C4 
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113. (a) Foundation brake gear—Foundation brake gear shall be main- 
tained in a safe and suitable condition for service. Levers, rods, brake 
beams, hangers, and pins shall be of ample strength, and shall not be 
fouled in any way which will affect the proper operation of the brake. 
All pins shall be properly secured in place with cotters, split keys, or 
nuts. Brake shoes must be properly applied and kept approximately in 
line with the tread of the wheel. 

ea For Locomotives used in Road 
Service-A=3" 
For Locomotives used in Switching 
Service-A=5 


\Conderning Limit 


For Minimum Thickness of- 
Tires see Rule /5/ 


Critical Line 


Fie. 2 


(b) No part of the foundation brake gear of the locomotive or tender 
shall be less than 24 inches above the rails. 

114. (a) Leakage—Main reservoir leakage; leakage from main 
reservoir and related piping shall not exceed an average of 3 pounds per 
minute in a test of three minutes’ duration, made after the pressure has 
been reduced 40 per cent below maximum pressure. 

gies For Locomotives used in Road 
Service -A=2 ‘ 
For Locomotives used in Switching 
Service-A=3 


\Condemning Limit 


For Minimum Thickness of- 
Tires see Rule /51 


Fic. 3 


4b) Brake pipe leakage shall not exceed 5 pounds per minute. 

(c) Brake cylinder leakage—With a full service application from 
maximum brake pipe pressure, and with communication to the brake 
cylinders closed, the brakes on the locomotive and tender shall remain 
applied not less than five minutes. 
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115. Train signal system.—The train signal system, when used, shall 
be tested and known to be in safe and suitable condition for service before 


each trip. 


yt 


a 


Not less than 


ce 


‘Critical Line 
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CABS, WARNING SIGNALS, AND SANDERS. 


116. (a) Cabs—Cabs shall be securely attached or braced and main- 
tained in a safe and suitable condition for service. Cab windows shall 
be so located and maintained that the enginemen may have a clear view 
of track and signals from their usual and proper positions in the cab. 

(b) Road locomotives used in regions where snowstorms are generally 
encountered shall be provided with what is known as a “clear vision” 
window, which is a window hinged at the top and placed in the glass in 
each front cab door or window. These windows shall be not less than 5 
inches high, located as nearly as possible in line of the enginemen’s 
vision, and so constructed that they may be easily opened or closed. 

(c) Steam pipes shall not be fastened to the cab. On new construction 
or when renewals are made of iron or steel pipe subject to boiler pressure 
in cabs, it shall be what is commercially known as double strength pipe, 
with extra heavy valves and fittings. 


117. Cab aprons—Cab aprons shall be of proper length and width to 
insure safety. Aprons must be securely hinged, maintained in a sate 
and suitable condition for service, and roughened, or other provision made, 
to afford secure footing. 


118. (a) Each locomotive shall have a mechanically operated fire 
door (or fire doors if more than one is used) so constructed and main- 
tained that it may be operated by pressure of the foot on a pedal, or other 
suitable appliance, located on the floor of the cab or tender at a suitable 
distance from the fire door, so that it may be conveniently operated by the 
person firing the locomotive: Provided, That locomotives burning oil fuel 
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may have in lieu of the mechanically operated fire door a hand-operated 
fire door of suitable construction and so arranged that it may be securely 
bolted in closed position while the locomotive is being used. 

(b) Fire doors shall be maintained in a safe and suitable condition for 
service. 

119. Cylinder cocks—Necessary cylinder cocks, operative from cab 
of locomotive, shall be provided and maintained in a safe and suitable 
condition for service. 

120, Sanders.—Locomotives shall be equipped with proper sanding 
apparatus, which shall be maintained in safe and suitable condition for 
service, and tested before each trip. Sand pipes must be securely fastened 
in line with the rails. 

121. Whistle—Each locomotive must be provided with a suitable 
steam whistle, so arranged that it may be conveniently operated by the 
engineer. 


Condermning Limit >I 


Measuring Line 


Critical Line. 
Fic. 5 


DRAW GEAR AND DRAFT GEAR. 


122. (a) Draw gear between locomotive and tender—The draw gear 
between the locomotive and tender, together with the pins and fastenings, 
shall be maintained in safe and suitable condition for service, The pins 
and drawbar shall be removed and carefully examined for defects not 
less frequently than once each three months. Suitable means for 
securing the drawbar pins in place shall be provided. Inverted drawbar 
pins shall be held in place by plate or stirrup. 

(b) Two or more safety bars or safety chains of ample strength shall 
be provided between locomotive and tender, maintained in safe and suit- 
able condition for service, and inspected at the same time draw gear is 
inspected. 

(c) Safety chains or safety bars shall be of the minimum length con- 
sistent with the curvature of the railroad on which the locomotive is 
operated, 
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(d) Lost motion between locomotives and tenders not equipped with 
spring buffers shall be kept to a minimum, and shall not exceed one-half 
inch. 

(ec) When spring buffers are used between locomotive and tender the 
spring shall be applied with not less than three-fourths inch compression, 
and shall at all times be under sufficient compression to keep the chafing 
faces in contact. 

123. Chafing irons.—Chafing irons of such radius as will permit proper 
curving shall be securely attached to locomotive and tender, and shall 
be maintained in condition to permit free movement laterally and 
vertically. 

124. Draft gear—Draft gear and attachments on locomotives and 
tenders shall be securely fastened, and maintained in safe and suitable 
condition for service. 


DRIVING GEAR. 

125. Crossheads.—Crossheads shall be maintained in a safe and suit- 
able condition for service, with not more than one-fourth inch vertical 
or five-sixteenths inch lateral play between crossheads and guides. 

126. Guides—Guides must be securely fastened and maintained in a 
safe and suitable condition for service. 

127. (a) Pistons and piston rods—Pistons and piston rods shall be 
maintained in safe and suitable condition for service. Piston rods shall 
be carefully examined for cracks each time they are removed, and shall 
be renewed if found defective. 

(b) All piston rods applied after January 1, 1916, shall have the date 
of application, original diameter, and kind of material legibly stamped 
on or near the end of rod. 

128. (a) Rods, main and side—Cracked or defective main or side 
rods shall not be continued in service. 

(b) Autogenous welding of broken or cracked main and side rods not 
permitted. 

(c) Bearings and bushings shall so fit the rods as to be in a safe and 
suitable condition for service, and means be provided to prevent bushings 
turning in rod. Straps shall fit and be securely bolted to rods. 

(d) The total amount of side motion of rods on crank pins shall not 
exceed one-fourth inch. 

(e) Oil and grease cups shall be securely attached to rods, and grease 
cup plugs shall be equipped with suitable fastenings. 

(f) Locomotives used in road service—The bore of main rod bearings 
shall not exceed pin diameters more than three thirty-seconds inch at 
front or back end. The total lost motion at both ends shall not exceed 
five thirty-seconds inch. 
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(g) The bore of side rod bearings shall not exceed pin diameters more 
than fiye thirty-seconds inch on main pin nor more than three-sixteenths 
inch on other pins. 

(h) Locosnotives used in yard service—The bore of main rod bearings 
shall not exceed pin diameters more than one-eighth inch at front end or 
five thirty-seconds inch at back end. 

(i) The bore of side rod bearings shall not exceed pin diameter more 
than three-sixteenths inch. 


8 
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2! Measuring Line 
\ Critical Line 
Fic. 6 
LIGHTS. 


129. (a) Locomotives used in road service——Each locomotive used in 
road service between sunset and sunrise shall have a headlight which 
shall afford sufficient illumination to enable a person in the cab of such 
locomotive who possesses the usual visual capacity required of locomotive 
enginemen, to see in a clear atmosphere, a dark object as large as a man 
of average size standing erect at a distance of at least 800 feet ahead and 
in front of such headlight; and such headlight must be maintained in 
good condition. 

(b) Each locomotive used in road service, which is regularly required 
to run backward for any portion of its trip, except to pick up a detached 
portion of its train, or in making terminal movements, shall have on its 
rear a headlight which shall meet the foregoing requirements. 

(c) Such headlights shall be provided with a device whereby the light 
from same may be diminished in yards and at stations or when meeting 
trains. 

(d) When two or more locomotives are used in the same train, the 
leading locomotive only will be required to display a headlight. 


130. Classification lamps—Each locomotive used in road service shall 
be provided with such classification lamps as may be required by the 
rules of the railroad company operating the locomotive. When such 
classification lamps are provided they shall be kept clean and maintained 
in safe and suitable condition for service. 


Ss 
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131. Locomotives used in yard service-—Each locomotive used in yard 
service between sunset and sunrise shall have two lights, one located on 
the front of the locomotive and one on the rear, each of which shall 
enable a person in the cab of the locomotive under the conditions, includ- 
ing visual capacity, set forth in rule 129, to see a dark object such as 
there described for a distance of at least 300 feet ahead and in front of 
such headlight; and such headlights must be maintained in good condition. 


132. Cab lights—Each locomotive used between sunset and sunrise 
shall have cab lamps which will provide sufficient illumination for the 
steam, air, and water gauges to enable the enginemen to make necessary 
and accurate readings from their usual and proper positions in the cab. 
These lights shall be so located and constructed that the light will shine 
only on those parts requiring illumination. Locomotives used in road 
service shall have an additional lamp conveniently located to enable the 
persons operating the locomotive to easily and accurately read train 
orders and time tables, and so constructed that it may be readily darkened 
or extinguished. 


Wot less than g 


Condemmning Limit 


Measuring Heed 


Critical Line 
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RUNNING GEAR. 


133. (a) Driving, trailing, and engine truck axles —Driving, trailing, 
and engine truck axles with any of the following defects shall not be 
continued in service : 

(b) Bent axle; cut journals that can not be made to run cool without 
turning; seamy journals in steel axles; transverse seams in iron axles, 
or any seams in iron axles causing journals to run hot, or unsafe on 
account of usage, accident, or derailment; driving, trailing, or engine 
truck axles 1aore than one-half inch under original diameter, except for 
locomotives having all driving axles of the same diameter, when other 
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than main driving axles, may be worn three-fourths inch below the 
original diameter. 

(c) The date applied, the original diameter of the journal, and the kind 
of material shall be legibly stamped on one end of each driving axle, 
trailing truck axle, and engine truck axle applied after January 1, 1916. 

134. Tender truck axles—The minimum diameters of axles for 
various axle loads shall be as follows: 


Minimum | Minimum’ | Minin 
‘Axle Ioad. diameter | diameter, ance 
of journal. | © sents of center. 
Inches. Inches. Inches. 
50,000 pounds... 6: 
38,000 pounds. 7a 54 
31,000 pounds. 4h 63 5s 
22,000 pounds. 33 62 43 
15,000 pounds 32 5 - 34 


135. (a) Tender truck axles with any of the following defects shall 
not be continued in service: 

(b) Bent axle; cut journals that can not be made to run cool without 
turning; seamy journals in steel axles, or transverse seams in journals 
of iron axles, or unsafe on account of usage, accident, or derailment; 
collars broken or worn to one-fourth inch or less in thickness; fillet in 
back shoulder worn out. 

136. (a) Crank pins—Crank pins shall be securely applied. Shimming 
or prick punching crank pins will not be allowed. All crank pins applied 
after January 1, 1916, shall have the date applied and kind of material 
used legibly stamped on end of pin. 

(b) Crank pin collars and collar bolts shall be maintained in a safe 
and suitable condition for service. 

137. Driving boxes—Driving boxes shall be maintained in a safe and 
suitable condition for service. Broken and loose bearings shall be 
renewed. Not more than one shim may be used between box and bearings. 


138. Driving box shoes and wedges—Driving box shoes and wedges 
shall be maintained in a safe and suitable coridition for service. 

139. Frames—Frames, deck plates, tailpieces, pedestals, and braces 
shall be maintained in a safe and suitable condition for service, and shall 
be cleaned and thoroughly inspected each time the locomotive is in shop 
for heavy repairs. 
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140. (a) Lateral motion—The total lateral motion or play between 
the hubs of the wheels and the boxes on any pair of wheels shall not 
exceed the following limits: 


For engine truck wheels (trucks with swing centers) .. 
For engine truck wheels (trucks with rigid centers) 
For trailing truck wheels.......-.---.-++ + 
For driving wheels (more than one pair) . 

(b) These limits may be increased on locomotives operating on track 
where the curvature exceeds 20 degrees when it can be shown that 
conditions require additional iateral motion. 

(c) The lateral motion shall in all cases be kept within such limits 
that the driving wheels, rods, or crank pins will not interfere with other 
parts of the locomotive. 
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141. (a) Pilots—Pilots shall be securely attached, properly braced, 
and maintained in a safe and suitable condition for service. 

(b) The minimum clearance of pilot above the rail shall be 3 inches, 
and the maximum clearance 6 inches. 


142. (a) Spring rigging Springs and equalizers shall be arranged to 
insure the proper distribution of weight to the various wheels of the 
locomotive, maintained approximately level and jn a safe and suitable 
condition for service. 

(b) Springs or spring rigging with any of the following defects shall 
be renewed or properly repaired: 

(c) Top leaf broken or two leaves in top half or any three leaves in 
spring broken. (The long side of spring to be considered the top.) 

(d) Springs with leaves working in band. 

(e) Broken coil springs. 

(f) Broken driving box saddle, equalizers, hanger, bolt, or pin. 

143. (a) Trucks, leading and trailing —Trucks shall be maintained in 
safe and suitable condition for service. Center plates shall fit properly, 
and the male center plate shall extend into the female center plate not 
Jess than three-fourths inch. All centering devices shall be properiy 
maintained. 
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(b) A suitable safety chain shall be provided at each front corner of 
all four wheel engine trucks. 

(c) All parts of trucks shall have sufficient clearance to prevent them 
from seriously interfering with any other part of the locomotive. 

144. (a) Wheels—Wheels shall be securely pressed on axles. Prick 
punching or shimming the wheel fit will not be permitted. The diameter 
of wheels on the same axle shall not vary more than three thirty-seconds 
inch. 

(6) Wheels used on standard gauge track will be out of gauge if 
the inside gauge of flanges, measured on base line, is less than 53 inches 
or more than 53% inches. 


- 


(c) The distance back to back of flanges of wheels mounted on the 
same axle shall not vary more than one-fourth inch. 
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145. (a) Cast-iron or cast-steel wheels——Cast iron or cast-steel wheels 
with any of the following defects shall not be continued in service: 

(b) Slid flat—When the flat spot is 23 inches or over in length, or if 
there are two or more adjoining spots each 2 inches or over in length. 

(c) Broken or chipped flange—If the chip exceeds 14 inches in 
length and one-half inch in width. 

(d) Broken rim.—lf the tread, measured from the flange at a point 
five-eighth inch above the tread, is less than 3} inches in width. 

(e) Shelled out—Wheels with defective treads on account of cracks 
or shelled out spots 23 inches or over, or so numerous as to endanger 
the safety of the wheel. : 
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(f) Brake burn—Wheels having defective tread on account of cracks 
or shelling out due to heating. 

(g) Seams one-half inch long or over, at a distance of one-half inch 
or less from the throat of the flange, or seams 3 inches or more in length, 
If such seams are within the limits of 33 inches from the flange, measured 
at a point five-eighths inch from the tread. 

(A) Worn flanges—Wheels on axles with journals 5 inches by 9 inches 
or oyer with flanges haying flat vertical surfaces extending seven-eighths 
inch or more from the tread, or flanges 1 inch thick or less gauged at a 
point three-eighths inch above tread. Wheels on axles with journals less 
than 5 inches by 9 inches with flanges having flat vertical surfaces extend- 
ing 1 inch or more from the tread, or flanges fifteenth-sixteenths inch 
thick or less, gauged at a point three-eighths inch above the tread. 
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(i) Tread worn hollow—lf the tread is worn sufficiently hollow to 
render the flange or rim liable to breakage. 

(j) Burst—If the wheel is cracked from the wheel fit outward. 

(k) Cracked tread, cracked plate, or one or more cracked brackets. 

(1D) Wheels out of gauge. 

(m) Wheels loose on axle. 

Note.—The determination of flat spots, worn flanges, and broken rims shall be 


made by a gauge as shown in figure 23 (page 68), and its application to defective 
wheels as shown in figures 9, 10, 11, 12, and 13. 


146. (a) Forged steel or steel tired wheels—Forged steel or steel 
tired wheels with any of the following defects shall not be continued in 
service : 

(b) Loose wheels; loose, broken, or defective retaining rings or tires; 
broken or cracked hubs, plates, spokes, or bolts. 

(c) Slid flat spot 24 inches or longer; or, if there are two or more 
adjoining spots, each 2 inches or longer. 

(d) Defective tread on account of cracks or shelled out spots 23 inches 
or longer, or so numerous as to endanger the safety of the wheel. 

(e) Broken flange. 
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(f) Flange worn to fifteen-sixteenths inch or less in thickness, gauged 
at a point three-eighths inch above the tread, or having flat vertical 
surface, 1 inch or more from tread; tread worn five-sixteenths inch; 
flange more than 14 inches from tread to top of flange, or thickness of 
tires or rims less than shown in figures 4, 5, 6, and 7. 


(g) Wheels out of gauge. 


147. Driving and trailing wheels—Driving and trailing wheel centers 
with divided rims shall be properly fitted with iron or steel filling blocks 
before the tires are applied, and such filling blocks shall be properly 
maintained. When shims are inserted between the tire and the wheel 
center, not more than two thicknesses of shims may be used, one of which 
must extend entirely around the wheel. 
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148. Driving wheel counterbalance shall be maintained in a safe and 
suitable condition for service. 


149. (a) Driving and trailing wheels with any of the following defects 
shall not be continued in service: 

(b) Driving or trailing wheel centers with three adjacent spokes or 
25 per cent of the spokes in wheel broken. 

(c) Loose wheels; loose, broken, or defective tires or tire fastenings; 
broken or cracked hubs, or wheels out of gauge. 


150. (a) Driving and trailing wheel tires—The minimum height of 
flange for driving or trailing wheel tires, measured from tread, shall be 
1 inch for locomotives used in road service, except that on locomotives 
where construction will not permit the full height of flange on all drivers 
the minimum height of flange on one pair of driving wheels may be five- 
eighths inch. 

(b) The minimum height of flange for driving wheel tires, measured 
from tread, shall be seven-eighths inch for locomotives used in switching 


service. 
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(c) The maximum taper for tread of tires from throat of flange to 
outside of tire, for driving and trailing wheels for locomotives used in 
road service, shall be one-fourth inch, and for locomotives used in switch- 
ing service five-sixteenths inch. 


(d) The minimum width of tires for driving and trailing wheels of 
standard-gauge locomotives shall be 54 inches for flanged tires, and 6 
inches for plain tires. 


(e) The minimum width of tires for driving and trailing wheels of 
narrow-gauge locomotives shall be 5 inches for flanged tires, and 5% 
inches for plain tires. 


Fre. 13 


(f) When all tires are turned or new tires applied to driving and 
trailing wheels, the diameter of the wheels on the same axle, or in the 
same driving wheel base, shall not vary more than three thirty-seconds 
| inch. When a single tire is applied the diameter must not vary more 
than three thirty-seconds inch from that of the opposite wheel on the 
same axle. When a single pair of tires is applied the diameter must 
be within three thirty-seconds inch of the average diameter of the wheels 
in the driving wheel base to which they are applied. 


(g) Driving and trailing wheel tires with any of the following defects 
shall not be continued in service: 


(A) Slid flat spot 2} inches or more in length; flange fifteen-sixteenths 
inch or less in thickness, gauged at a point three-eighths inch above the 
tread; or haying flat vertical surface 1 inch or more from tread; tread 
worn hollow five-sixteenths inch on locomotives used in road service, or 
three-eighths inch on locomotives used in switching service; flange more 
than 14 inches from tread to top of flange. (See figs. 1, 2, and 3.) 

Nore.—The determination of flat spots and worn flanges shall be made by ¢ 


gauge as shown in figure 23 (page 68), and its application to defective tires as shown 
ir figures 9, 10, and Ll. 
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151. 


standard and narrow gauge locomotives: 


(a) Minimum thickness for driving wheel and trailer tires on 


Weight per axle (weight on drivers| 


divided by number of pairs 


Diameter 


Minimum thickness, 


service limits, 


of driving wheels). of wheel center. Road Switch- 
vi in; 
service. | rie 
Inches. Inches. Inches. 
30,000 pounds and under........ 44 and under..... 
Over 44 to 50..... 


“Over 30,000 to 35,000 pounds... 


Over 35,000 to 40,000 pounds.... 


Over 40,000 to 45,000 pounds... . 


Over 45,000 to 50,000 pounds. ... 


Over 50,000 to 55,000 pounds... . 


Over 55,000 pounds............. 


Over 50 to 56. 
Over 56 to 62 
Over 62 to 68. 
Over 68 to 74 


44 and under 
Over 44 to 50.. 


Over 62 to 68 
Over 68 to 74 


Over 62 to 68. 
Over 68 to 74. 
Over 74.... 
44 and under. 
Over 44 to 50. 
Over 50 to 56. 
Over 56 to 62. 
Over 62 to 68. 
Over 68 to 7: 
Over 74.... 
44 and under. 
Over 44 to 50. 
Over 50 to 56 
Over 56 to 62. 
Over 62 to 68. 
Over 68 to 74. 
Over 74.... 
44 and unde: 
Over 44 to 50. 
Over 50 to 56. 
Over 56 to 62. 
Over 62 to 68. 
Over 68 to 74. 
Over 74 
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(b) When retaining rings are used, measurements of tires to be taken 
from the outside circumference of the ring, and the minimum thickness 
of tires may be as much below the limits specified above as the tires 
extend between the retaining rings, provided it does not reduce the thick- 
ness of the tire to less than 14 inches from the throat of flange to the 
counterbore for the retaining ring. 

(c) The minimum thickness for driving wheel tires shall be 1 inch 
for locomotives operated on track of 2-foot gauge. 


For Diameter of Orifices 
See Rule 107 
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TENDERS. 
152, (a) Tender frames—Tender frames shall be maintained in a 
safe and suitable condition for service. 
(b) The difference in height between the deck on the tender and the 
cab floor or deck on the locomotive shall not exceed 13 inches. 
(c) The minimum width of the gangway between locomotive and 
tender, while standing on straight track, shall be 16 inches. 


153. (a) Feed water tanks—Tanks shall be maintained free from 
leaks, and in safe and suitable condition for service. Suitable screens 
must be provided for tank wells or tank hose. 

(b) Not less frequently than once each month the interior of the tank 
shall be inspected, and cleaned if necessary. 

(c) Top of tender behind fuel space shall be kept clean, and means 
provided to carry off waste water. Suitable covers shall be provided for 
filling holes. 


154. Oil tanks—The oil tanks on oil burning locomotives shall be 
maintained free from leaks. An automatic safety cut out valve, which 
may be operated by hand from inside and outside of cab, shall be provided 
for the oil-supply pipe. 

155. (a) Tender trucks.—Tender truck center plates shall be securely 


fastened, maintained in 2 safe and suitable condition for service, and pro- 
vided with a center pin properly secured. When shims are used between 
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truck center plates, the male center plate must extend into the female 
center plate not less than three-fourths inch. 

(b) Truck bolsters shall be maintained approximately level. 

(c) When tender trucks are equipped with safety chains, they shall 
be maintained in a safe and suitable condition for service. 

(d) Side bearings shall be maintained in a safe and suitable condition 
for service. 

(e) Friction side bearings shall not be run in contact. 

(f) The maximum clearance of side bearings on rear truck shall be 
three-eighths inch, and if used on front truck three-fourths inch, when 
the spread of side bearings is 50 inches. When the spread of the side 
bearings is increased, the maximum clearance may be increased in pro- 
portion. 


THROTTLE AND REVERSING GEAR. 
156. Throttles—Throttles shall be maintained in safe and suitable 
condition for service, and efficient means provided to hold the throttle 
lever in any desired position. 


157. Reversing gear—Reversing gear, reverse levers, and quadrants 
shall be maintained in a safe and suitable condition for service. Reverse 
lever latch shall be so arranged that it can be easily disengaged, and 
provided with a spring which will keep it firmly seated in quadrant. 
Proper counterbalance shall be provided for the valve gear. 


158. Upon application to the Chief Inspector, modification of these 
rules, not inconsistent with their purpose, may be made for roads operat- 
ing less than five locomotives, if an investigation shows that conditions 


warrant it, 


FILING REPORTS. 


159. Report of inspection—Not less than once each month and within 
10 days after inspection a report of inspection, Form No. 1, size 6 by 9 
inches, shall be filed with the United States Inspector in charge for each 
locomotive used by a railroad company, and a copy shall be filed in the 
office of the chief mechanical officer having charge of the locomotive. 


160. A copy of the monthly inspection report, Form No. 1, or annual 
inspection report, Form No. 3, properly filled out, shall be placed under 
glass in a conspicuous place in the cab before the locomotive inspected is 
put into service. 


161. Not less than once each year, and within 10 days after required 
tests have been completed, a report of such tests, showing general con- 
dition of the locomotive, shall be submitted on Form No. 3, size 6 by $ 
inches, and filed with the United States Inspector in Charge, and a copy 
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shall be filed in the office of the chief mechanical officer having charge of 
the locomotive. The monthly report will not be required for the month 
in which this report is filed. 


Form No. 3 should be printed on yellow paper. 


Note.—Samples of Forms Nos. 1 and 3, indicating exact size, color, weight, 
and grade of paper, will be furnished on application. 


ACCIDENT REPORTS. 


162. In the case of an accident resulting from failure, from any cause, 
of a locomotive or tender, or any appurtenances thereof, resulting in 
serious injury or death to one or more persons, the carrier owning or 
operating such locomotive shall immediately transmit by wire to the 
Chief Inspector, at his office in Washington, D. C., a report of such 
. accident, stating the nature of the accident, the place at which it occured, 

as well as where the locomotive may be inspected, which wire shall be 
immediately confirmed by mail, giving a full detailed report of such 
accident, stating, so far as may be known, the causes and giving a com- 
plete list of the killed or injured. 


Nore.—Locomotive boilers and their appurtenances will be inspected in accordance 
with the order of the Commission, dated June 2, 1911. 


Safety appliances on locomotives will be inspected in accordance with the order 
of the Commission, dated March 13, 1911. 
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EXAMINATION QUESTIONS 


Notice to Students.—Study the instruction text thoroughly before 
you attempt to answer these questions. Read each question carefully 
and be sure you understand it; then write the best answer you can. 
When your answers are completed, examine them closely, correct all the 
errors you can find, and see that every question is answered; then mail 
your work to us. 


What are the effects of leaky valve and piston rings? 


. Explain how to operate the blow-off cocks. 
. Give a test for the exhaust rings. 


. Mention some of the various causes of pounds in a loco- 


motive. 


. Name the parts the engineer should inspect when making 


an inspection at the end of the run. 


. How is a loose piston rod in a crosshead detected ? 
. What is priming and how is it caused? 


. If the cut-off is too long or too short how does this affect 


the operation of the locomotive? 


. When is the water said to be foaming? 


. Why is foaming objectionable and how can it be controlled 


to some extent? 


. Give some of the causes of blows in the valves. 


. In what position are the locomotive valves placed when test- 


ing the steam rings? 


. What is generally the cause of carbonization in the cylinders 


and what is probably the best way to prevent it? 
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. How is a test made for leaky piston rings? 


In what position should the engineer place the reverse lever 
when starting a heavy train? 


. Name some of the causes of hot driving journals. 


. Will high compression in the cylinders cause the main crank- 


case to heat? 


. What should be done when a driving journal heats with 


grease lubrication? 


What is the proper procedure in the event of low water in 
a locomotive boiler? 


What defects will cause steam leaks in the smokebox? 
Mail your work on this lesson as soon as you 


have finished it and looked it over carefully. 
DO NOT HOLD IT until another lesson is ready. 
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